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ABSTRACT 
S tud ies have been made on the rh i zosphe re and rh i zop l ane 
mycoflora of chickpea ( Cicer a r i e t i num L.) i nocu la t ed with 
w i l t causing organism Fusarium oxysporum f . s p . c i c e r i as 
in f luenced by c e r t a i n f a c t o r s . 
There was more fungal p o p u l a t i o n i n t h e rh i zosphere of 
both h e a l t h y and w i l t i n f e c t e d p l a n t s i n comparison t o 
n o n - r h i z o s p h e r e . There was more p o p u l a t i o n of fungi i n t h e 
r h i z o s p h e r e of i n f e c t e d chickpea p l a n t s with h i g h e r f requency 
va lue s and R: S r a t i o t han h e a l t h y c o u n t e r p a r t s . I t i s l i k e l y 
t h a t t h e r o o t s of i n f e c t e d p l a n t s have h i g h e r c o n c e n t r a t i o n 
of t o t a l f r e e amino a c i d s and sugars t h a n h e a l t h y ones vdiichmight 
be favour ing a c t i v i t y of fungi i n i n f e c t e d r h i z o s p h e r e . The 
r o o t s of i n f e c t e d p l a n t s a l s o have h i g h e r c o n c e n t r a t i o n of 
phenols and 0-dihydroxy p h e n o l s . 
Di f fe ren t c u l t i v a r s of chickpea d i f f e r e d in t h e r h i z o -
sphere mycoflora both q u a l i t a t i v e l y and q u n a t i t a t i v e l y , There 
were some s p e c i e s of fungi found in the rh i zosphe re of c e r t a i n 
c u l t i v a r s only . Di f fe rences were a l so observed with r e s p e c t 
t o f r ee amino acif 'n, nhenolp., 0-dihydroxy phenols and sugars 
i n the root e x t r a c t s "•'rem d i f f e r e n t c u l t i v a r s . The c u l t i v a r s 
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which harboured more fungi and have higher frequency of 
P. oxysporum f . s p . c i ce r i in the rhizosphere and r?iizoplane 
have usua l ly low concentration of free amino acids, ' phenols 
and 0-dihydroxy phenols but higher concentrat ion of sugars. 
The reverse was t rue with cu l t i va r s which harboured lower 
number of fungi together with lower frequency of F, oxysporum 
f . s p . c i c e r i . The number of amino acids have been r e l a t i v e l y 
high i n the cu l t iva r s susceptible to wi l t causing organism 
i . e . JG-62 and H-208 as compared to BG-212 and JG-74 which are 
l e s s damaged. Qual i ta t ive ly , Asparagine and His t id ine which 
have been detected in the roots of JG-62, H-208, BG-309 and 
JG-315 are known for t h e i r s t imulatory ef fect on the growth 
of fungi idiile cysteine in the BG-212 and JG-74 might be 
cont r ibu t ing towards the res i s tance of p lan t s against the 
d i sease . By and l a rge , more fungi were detected in H-208, 
JG-62 and BG-309 than JB-74, BG-212 and JG-315. Moreover, 
the frequency of pathogenic fungi including F. oxysporum f . s p . 
c i c e r i was more in the rhizosphere and rhizoplane of JG-6 2 and 
H-208 and tha t of an tagonis t ic fungi p a r t i c u l a r l y T. v i r idae 
in BG-212 and JG-74. The fungus population was also high in 
the rhizosphere of H-208 and l ea s t in JG-74 in both inoculated 
and uninoculated p l an t s . 
There was an increase in population of fun^i, ^i: S r a t i o 
and number of fungi in the rhizosphere and rhi^'-onlane with age 
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of both inoculated and uninoculated plants. The highest 
rhizosphere activity was observed at flowering and fruiting 
stage followed by a decline at senescence. Different plant 
growth stages also influenced the species composition of 
rhizosphere mycoflora. However, Aspergilli and other sapro-
phytic fungi constituted dominant flora throughout the growth 
period in uninoculated plants. On the other hand, P. oxysporum 
f.sp. ciceri and other parasitic fungi dominated in the 
rhizosphere of inoculated plants. The concentration of total 
free amino acids, phenols, 0-dihydroxy phenols and sugars also 
increased with increase in age of plant being maximum in 75 to 
90 days old plants followed by a decline at senescence. 
Foliar spray with different growth promoting substances 
by and large resulted in an increase in the population and 
frequency of mycoflora however with maleic hydrazide, there 
has been a decrease in the majority of fungi including wilt 
pathogen P. oxysporum f.sp. ciceri except A. fumigatus. 
A.* ni^er. Trichoderma lignorum. Poliar sprays with urea 
exhibited stimulatory effect on the activity of saprophytic 
as well as parasitic fungi in the rhizosphere and rhizoplane 
of both inoculated and uninoculated plants but with muriate 
of potash most of the saprophytic fungi increased while that 
of parasitic fungi decreased. Sprays with different fungi-
cides brought about an inhibition in the population of rhizo-
sphere fungi. In addition to above, the frequency of majority 
IV 
of the fungi including F. oxysporvim f.sp. cicerl also decreased 
due to foliar sprays with fungicides but that of saprophytic 
fungi such as Aspergillus clavatus,^ A. flavxis, A. fumigatus 
and T. viridae increased. On the other hand,spray with strep-
tomycin generally stimulated the rhizosphere fungal flora. 
Incorporation of different fertilizers in the soil resulted 
in an increase in the rhizosphere population of fungi in unino-
culated plants. Similarly, soil amendment with oil cakes,by 
and large, increased the rhizosphere and rhizoplane mycoflora 
except mahua cake. But in inoculated ones, there was a decrease 
in the rhizosphere and rhizoplane mycoflora activity in all the 
treatments except with urea and superphosphate. Different 
fungicides when incorporation in soil brought about a decrease 
in rhizosphere population of fungi both in inoculated and 
uninoculated plants. The frequency of most of the saprophytic 
and parasitic fungi including P. oxysporum f.sp. ciceri increased, 
with urea and superphosphate. However, with muriate of potash 
and different oil cakes, the frequency of most of the saprophytic 
fungi increased and that of parasitic fungi including P. oxyspoirum 
f.sp. ciceri decreased. With fungicides, the frequency of 
majority of the fungi in the rhizosphere and rhizoplane dec-
reased. P. oxysporum f.sp. ciceri was either not detected or 
its frequency was low in soil treatment with castor cake, 
mahua cake, neem cake, bavistin, benlate and vitavax. 
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Chapter One 
Introduction and 
Review of Literature 
OHAPTBR - I 
INTRODUCTION AND REVIEW OF LITERATURE 
1.1 Rhiiiosphere has been defined oy Hiltner (1904) as that 
region of the soil which is subject to the influence of plant 
roots and is characterized oy greater microbiological activity 
than the soil away from the plant roots. Later terms like 
"EdophQsphere" for the rhizosphere of Hiltner and "Histosphere" 
for the root surface microflora have been coined (Perotti, 1926). 
Clark (1949), however, suggested "Ehizoplane" for the ecological 
niche or habitate provided for microorganisms by root surface. 
However, this field of study remained somehow neglected until 
Starkey (1929) exhibited a relationship between the soil micro-
organisms and the green plants. Since then considerable work 
has been done on the rhiiiosphere microflora of vaidous economi-
cally important plants such as chickpea (Sondhi and Sinha, 1963; 
Gujrati, 1969; Mathur and Uhauhan, 1972; Khan and Prakash, 1982; 
Satyaprasad, 1982 and Satyaprasad and Ramarao, 1983), pigeon pea 
(Agnihothrudu, 1955 and 1957; Rai and Upadhyay, 1980 and 1986 
and Singh and ahargava, 1981), soyabean(RoTiiatt et^; 1963; Mohamed, 
1985; and Dutta and Deb, 1986), pea (Timonin, 1940; Stenton, 
1958; Luke and Devi, 1975 and Son et al., 1985), bean (Ito and 
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IJi, 1975 and Devet et al., 1980), broad bean (Youssef and 
Mankario3,1974), cluster bean (Bahadur and Sinha, 1965), 
lentil ((rujrati, 1969), groundnut (Krassilnikov _et al., 1933; 
Gangawane and Deshpande, 1975 and 1977 and Gunasekar and Rao, 
1982), alfalfa (Thorn and Humfeld, 1932; Timonin, 1940; 
Ishizawa et al., 1957; Stelfox and Williams, 1980 and 
El-Hamolawi and Erwin, 1986), cowpea (Murthy and Raghu, 1976), 
wheat (Simmonds and Ledingham, 1937; Timonin, 1Q40; Warcup, 
1957; Herr, 1957; Peterson, 1958; Moskovets, 1957; Neal et, al., 
1970; Uhrzanowski, 1976; Hornby and Brown, 1977; Smiley, 1978; 
Neate et_ al., 1981; Ashraf, 1981; Mohamed, 1985 and Ermekova 
and Abirova, 1985), barley (Ishizawa et al., 1957; Kirilenko, 
1970 and 1973; Murthy and Raghu, 1976; Loper et al., 1984; 
Gerhordson et al., 1985 and Ansari, 1982), maize (Moskovets 
and zhdanova, I960; Kulshrestha, 1969; Kulshrestha et al., 1977 
and Annapuma and Rao, 1983), pearl millet (Natrajan, 1972 
and Ashraf, 1981), oat (Timonin, 1940; Warcup, 1957; Chester 
and Parkinson, 1959; Kirilenko, 1970 and 1973; Karimbaeva and 
Sizova, 1976; Gerhardson ejt al., 1985), rye (Thorn and Humfeld, 
1932), cotton (Clark and Thorn, 1939; Patel and Iyer, 1961; 
Harrison and aeckman, 1982, and Moubasher and Abdel Hafeez, 
1986), flax (Berezova, 1941 and Timonin, 1940b), strawberry 
(Katznelson and Richardson, 1948), potato (Atkinson and 
Robinson, 1955; Loper e_tal., 1984 and Choroszewski, 1985), 
timothy (Ishizawa, 1957), clover (Lime, 1984 and Wong et_ al., 
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1986), redclover (Peterson, 1958), birch (Karimbaeva and 
Sizova, 1976), yellow birch (Ivarson and Katznelson I960), 
lupin (Krivets, 1975), yellow lupin (Rataj-Guranowsky, 1981), 
onion (Parkinson and Clark, 1961; Penwick, 1973 and Ashour 
et al., 1980), sesame (Monoharacharya et al,, 1977) sunflower 
(Monoharacharya et^  al., 1977 and El-Hissy ejt al., 1980), 
ornamental plants (Yuen and Schroth, 1986), Medicago sp. 
(Bretage and Kollmorgen, 1986), cauliflower (Rao and Sharma, 
1976), pine (Karimbaeva and Sizova, 1976 and Peno et_ a]L_., 1977), 
spruce (Karimbaeva and Snova, 1976 and Stefurak, 1976), garlic 
(Bertoldi et al., 1978), Oitrus sp. (Ali et al., 1979), 
pomegranate (Ali et al., 1979), grape vine (Ali et^  al., 1979), 
Dolichos biflavus (Behera and Patnaik, 1980), tomato (Dwivedi 
and Pathak, 1981; Chandra et al., 1982 and Loper £t al., 1984), 
Cynodon dactylon (Wadhawani and Mehrotra, 1982), coffee 
(Venkatasubbaiah et al., 1984), date palm (Ali et al., 1979), 
Chrysanthemum (El-Hissy et_ al., 1980), Nigella sativa (El-Hissy 
et al., 1980), Dhatura inoxia (El-Hissy et al., 1980), Hyosymus 
muticus (El-Hissy et al., 1980), Uycas revoluta (Wadhwani and 
Srivastava, 1985), radish (Loper et_ al., 1984; Gerhardson £t_ al., 
1985), sugarbeet (Loper et_ al., 1984; Lee et_ al., 1985 and 
Vesely, 1985 and 1986), Doctylus glomerata (Kutrzeba, 1984), 
lettuce (Gerhardson _et_ al., 1985), rape (Gerhardson _et_ al., 
1935), banana (Goos and Timonin, I96?), cucumber (Vancura and 
Hovadik, 1965 and Hong, 1969) sugarcane U?rakash, 1967; 
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Robinson, 1970, Kamal and Singh, 1974f Kishan et. aJL., 
1982 and Kao and Hsich, 1985), tobacco (Luke and Devi, 1972) 
and ADelmo3cu3 esculentus (Dayal and Srivastava, 1975 and 
Srivastava and Dayal, 1986). These studies have indicated an 
interaction between soil inicroDes, soil borne pathogens and 
higher plants (Starkey, 1929; Timonin, 1940; Agnihothrudu, 
g t ^ . , 1955; Agnihothmdu, 1957, 1958 and I960; Skilyagina, 
1967; Mukerji, 1968; David and Baker, 1970; Linderman, 1970; 
Reddi and Rao, 1972; Mall, 1973; Raicu and Stan, 1975; 
Wnekowski, 1975; Newman, 1978; Arora and Dwivedi, 1979; Singh 
et al., 1979; Marois and Mitchel^, 1981; Stenek, 1981; Sheata 
e_t al^ ., 1983; Kurtzeba, 1983; Upadhyay and liharat Rai, 1983; 
Gokulapalam, 1984; Bristo and Wyllie, 1984; Mohamed, 1985; 
Beggle-Ristaino and Papavizas, 1985; Kao and Hsich, 1985; 
Zo!6zerini and Tosi, 1985; Camporota, 1985; Gerhardson £t al., 
1985; Vesely, 1986; Upadhyay and Rai, 1986; Yuen and Schroth, 
1986; Lockwood, 1986; Arora, 1986; Srivastava and Dayal, 1986 
and Phillips, 1986). It has now oeen shown that rhizosphere 
microflora have a definite role to play in the development of 
root diseases (Agnihothrudu, 1959, Timonin, 1966; Srivastava, 
1968; Vishwanath et al., 1969; Garrat, 1970; Voronkevich et al., 
1972; Louvet, 1972, Samiilenko and Gvozdyak, 1972, Goel and 
Mehrotra, 1974; Berestetskii, 1974; Pieczarka and Lorbeer, 1975; 
Zhukovskaya, 1976; Gilligan, 1979; Patel et, al., 1981; 
Rotaj-Guranowsky, 1981; Furuya, 1981; Kutrzeba, 1984; Lira and 
- 5 -
Cole, 1984; Ghoroszewski, 1985; Bretag, 1985; (Jagne et al., 
1985; Mohamed, 1985; Kao and Hsich, 1985; Vesely, 1985 and 1986; 
Upadhyay and Rai, 1986; Wong et_ al., 1986; Sakthival el al., 
1986; Agarwal, 1986 and Erraekova and Abirova, 1986). The 
literature on various aspects of rhi250sphere mycoflora has 
been reviewed by Smith (1948), Katznelson et al. (1948), 
Clark (1949), lochhead (1952), Starkey (1958), Katznelson 
(1961 and 1965), Rovira (1965), Parkinson (1967) and Srivastava 
(1973 and 1974). 
The rhizosphere effect infact becomes evident right from 
the germination of seed and emergence of roots in the early 
stages of plant growth. Timonin (1940) observed the develop-
ment of rhizosphere microflora within three days of seed 
germination.but further development depended upon the normal 
growth of the plant. Starkey (1931)*while studying the 
rhizosphere microorganisms of several agriculturally important 
plants, obseirved^higher number of microorganisms in soil in 
the immediate vicinity of the roots than in soil away from the 
roots. Thorn and Humfeld (1932) noticed 40-70 times more fungi 
in the rhizosphere of corn plants than in the non-rhizosphere . 
Similar observations have been made by Ishizawa et^  al. (1957), 
Reddy (1959), Maliszeska and Moreau (1959), Ivarson and 
Katznelson (I960), Strzekzyk (1961), Rouatt and Katznelson 
(1961), Zagallo and liollen (1962), Prakash (1967), Kulsherestha 
- 6 -
(1969), Luke and Devi (1975), Dayal and Srivastava (1975), 
Prakash et^  al. (1979), Aahraf (1981) an^ Ansari (1982). 
Higher, percentage of 4flH:-±bi-tory->bacteria^ ''f rom rhizospherejf 
of leguminous plants (Gagne et al., 1985) and a low popula-
tion^of fungi in the liiizosphere^of Rauwolfia serpentina 
(Padma and Mukerji, 1972), Allium sativum L. (Yasmeen et, al,. 
1982) and Leucaena leucocephala (Megharaj £t al., 1987) have 
been attributed to (be-due-t^toxic principle'^present in root 
exudates. 
Cataska et al. (i960), Dickinson and Paugh (1965a,b), 
Hongyal-Balul (1983) and Singh et al. (1984) pointed out that 
there was a relation between the colonization of roots and 
seed mycoflora. On the other hand, no such relation was 
observed by Peterson (1959). He.however, concluded that for 
colonization of roots soil is the primary source of inoculum. 
Rhizospherectus been shown to provide stimulatory effect to 
certain fungi(eg. Melanospora breviostrata Moron, Aspergillus 
gigentlus Wehmer and Odeocephalum corophilum Kobayasi 
/ v(Agnihothrudu et al., 1955), Rhizopus orrhizus Fischer, 
R. nodosus Namya, Ghoanephora cuourbitarum (Berk and Ray) 
;^ 
; i y . / r > Thaxt and 16 ascomycetes and 50 imper fec t fungi exc lud ing 
>. >• P e n i c i l l i - a (Agnihothrudu, 1957, 1958 and 1960) , /o ; i Fusarium 
> oxysporum Sch l . (Wnekowski, 1975) , (oyS^. oxygporuin f. s p . 
^'^///' vas infectum (Steve and Cur l , 1980L(^n/s?i-t)rophytic c o l o n i z a t i o n 
of F . udum (Upadhyay and Bhara-t Rai , /1983)) . The rh i zosphe re 
4- : ^ ^ r^> . . - i i v ^ 
\j,\.r\ ^ 
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effect has ihowever.been found to persist even after 30 days 
0-
of the harvest of crop (Majumdar and Bhide, 1970). The 
rhizosphere microflora -is influenced by several factors. such 
as plant growth stages (Krossilinikov, et_ al., 1956; Roviera, 
1959; Gujrati, 1969; Dayal and Srivastava, 1975; Sudha Mall, 
1977; Odunfa and Oso, 1979; Khan and Prakash, 1982; Satyaparasad 
1982 and Mohamed, 1985); plant type (Tolleand Rippel-Badles, 
1957; BagyaraJ and Rangaswami, 1966; Oblisami et^  al* • 1971; 
Karimbaeva and Sizova, 1976; Rataj-Guranowsky, 1981; Parker, 
1985 and Gangawane, 1985); root characters (Timonin and 
Lochhead, 1948; Sivasithampam and Paker, 1979 and Vadhwani and 
Srivastava, 1985)?nature of root exudates (Rovira, 1962; 1965 
and 1969 and Gussin and Lynch, 1983)T environmental factors 
•if 
^i.e., type, reaction and fertility of the soil, soil profiles 
and organic and inorganic content of soii^ (Peterson, 1958; 
Joshi, 1982; Vardavakis, 1986 and Dick and Ali-shatayah, 1986)f 
percentage of moisture content (Clark, 1940; Venkatesan, 1962; 
Gujrati, 1968 and Bissett and Parkinson, 1979)4 light (Roviera, 
1959; Srivastava, 1971)^ ,' temperature (Rouatt et al.. 1963; 
Namordoze, 1975 and Krikun, 1985)f and seasonal variation 
(Katznelson, 1946; Millar and Boothroyd, 1962; Marks ej^  al., 
1975; Singh and Bhargawa, 1981 and Vardavakis, 1986)' soil 
amendment with fertilizers, nematicides, pesticides and 
fungicides (Clark and Thorn, 1939; Absalyamova,1963; Mishra, 
1972; Dath, 1982; Singh and Prasad, 1986 and Yarden, 1986)J 
4 
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foliar spray with chemicals (Rovira, 1959; Balasabramanian 
and Rangaswami, 1973 and 1975 and Bagyaraj and Rangaswami, 
1982)J and interactions involving soil microbes and soil borne 
plant pathogens of higher plants (Skilyagina, 1967; Wnekowski, 
1975; Ellingboe, 1983 and Yuen, 1986)^ and it (h««5 been modified 
to have favourable effect on ^fehie^ crop. 
1.2.1 Plant Growth Stages 
1.2 FACTORS AFFECTING RHIZOSPHBRE -^^ ^^ 
Age of the plant profoundly influenced saprophytic 
and parasitic rhissosphere mycoflora qualitatively as well as 
quantitatively (Vesely, 1985). By and large, the rhizosphere 
activity increased with the increase in the age of plant, 
attaining highest activity at the peak of vegetative growth 
of the plant (Timonin, 1940; Khasanov, 1967 and Sudha Mall, 
1977). Krossilnikov et al. (1936) observed^rise in the popu-
5 
lation of microorganims during the early growth period and at 
the time of formation of fruit as well. Rao (1962) also found 
two peaks in the increase in the rhizosphere[ie, at the time 
of flowering and at senescence. Gujrati (1969) and Khan and 
Prakash (1982) reported higher rhizosphere fungal population 
at flowering and fruiting stages followed by a decrease;but 
there was again an increase at senescenece stage of lentil 
and gram. Luke and Devi (1975) observed an increase in 
rhizosphere activity for 30 days of vegetative growth and 
- 9 -
during flowering and fruiting of pea plant. Rivi/ra (1959) 
noticed that the rhizosphere activity of wheat reached a 
distinctive peak at the tillering stage influencing fungi 
more than bacteria. However, Khasanove (1967), Dayal and 
Srivastava (1975) and Behera and Patnaik (1981) observed 
that the population of fungi in the rhizosphere of different 
plants increased u^toflowering stage followed by^reduction 
as the plant attained senescence. Two peaks in the rhizosphere 
> ^ activity during the growth of j^ plant >^s also observed by 
'^^ Odunfa and Oso (1979)^ Rhizopus. Pythium and other phycomycetes 
fungi dominated at the seedling stages of growth but were 
succeeded by Pusarium, Qurvularia, Phoma and many sterile 
mycelia at a later stage. Mohamed (1985) observed that T ^ 
population of Streptomycetes sp. in the rhizosphere^ of wheat 
and soyabean >ffi^ Sw3care during the week of seed germination, 
gradually increasing to maximum at 3-4 wks and then declining. 
Mishra and Kamal (1972) recorded highest population, of fungi 
5 
at matur i ty in the rhizosphere^^in Euphorbia h i r t a , E. thymif o l l a . 
Phylanthus s p . , P. n i r u r i and Smilex.patyaprasad (1982) al-thougn^ 
observea ^n increase in the rhizosphere effect in both r e s i s t an t 
and suscept ib le chickpea v a r i e t i e s with increasing age but the 
population was fiier^^in suscept ib le v a r i e t i e s . 
1.2.2 Root Character 
Dadalauri and Ko t i shv i l i (1975) concluded that the 
5 
d i s t r i b u t i o n of fungi depended upon the characters of root , 
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at ( ^ p a r t i c u l a r age^ and not a l l the par"ts of the T)lant are 
i d e n t i c a l in supporting the rhizoaphere population. Timo^n 
'^ - , ^ 
and Lochhead (1948) reported more rhizosphere a c t i v i t y in the 
:>,,^.\)X'<^ . cen t ra l .or crown por t ion of the root^ which decreased with 
I J. UJ^"^^'^ increaaing dis tance both in hor izon ta l and in v e r t i c a l direct ion» 
V \ \ / 
, ^ ^ - f r o r r the base of the stem. Both q u a l i t a t i v e and quan t i t a t ive 
-^ if V ^::gj.fference^_iji_th^---rh4:g0a^e^e-..£opulation were observed at 
\ "^ - i f f e r en t depths of s o i l p ro f i l e (Bagyaraj'^^nd Rangaswami*, 
r ,, ViL966j HusseyV^ 1977; Behera and Mukerji, 1979 anf 'Choe'et a l . , 
^ _f;^yi986), Siv^ithampam and Paker' (1979) observed higher popula-
- 2 - . \ 
J . i-*-^ 5 '^  t i o i ^o f bac t e r i a , actinomycetes and fungi in the rhizosphere 
of seminal roots of wheat than the nodal roo t s . Differences 
in the 2M.izosphere a c t i v i t y were a lso observed between coro-
l l o i d and iionnal roots of Gycas revoluta Thomb (Wadhwani and 
Srivastava, U985). 
1.2.3 Plant kype 
Rhizosphere^ of d i f fe ren t p lants have se lec t ive e f fec ts 
on fungi . Certain fungi from \ h e rhizosphere of wheat fa i led 
I \ L \ 
to develop in the rhizosphere ofXother plants (Tolle and 
Rippel-Badlea, 1975). The rhizosphere of lucerne differed 
from tha t of cotton and tha t of spri^ng wheat from winter 
V \ • '•'^ 
wheat (MoskovetsV 1957). Bagyaraj and Rangaswami (1966); . V'^ ^ 
\ \ / >N ^\"y^ 
Youssef and Mankar'^o/s (1968); Oblisam^ et a l . (1971); ' ^ ' ' ^ A 
Srivastava and Mishra (1971); Karimbaeva ,and Sizova (1976); z^" 
> 
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Rataj-Guranowsky*(l98l), Parker '(1985) and Gangawane'(1985) 
concluded that fungal species composition in the rhizosphere 
depends upon the type of the p l an t . Even dif ferences in the 
^'h-.-^-^Wrhizosphere microflora were observed between v a r i e t i e s of 
'^ y^^  v'^grapevine ( I s a r l i s h v i l i ^ l 9 5 7 ) . Gujrati* (1969) a t t r i b u t e d 
Y"'" the differences in the rhizosphere microflora of l e n t i l and 
Gicer arietinum L. t o be due to d i f ferences in the amo'no acid 
^ 
vicontents of root exudates of the two plants. Different 
,,^  '' rhizosphere mycoflora under different crop covers was also 
reported by Tandon and Tiwari (1982). Mohamed (1985) found 
larger number of antagonistic Streptomycetes sp. in wheat roots 
than in soyabeanpV 
1.2.4 Root Exudates 
It is time that root exudates play a definite role by 
exuding substances from roots. The root exudates therefore, 
are found to differ from plant to plant and from young to old 
plant. There has been immense amount of literature which has 
been reviewed by Rovira* (1962, 1965 and 1969), Scroth and 
Hildebrand* (1964) and Wood (i960). There has been much work 
on the nature and magnitude of root exudates, the dimention 
of the rhizosphere, and the kind, sequences and extent of 
colonization of root surfaces by microbes (Parkinson, 1967 
and Bowen, 1979). Knudson (1920) demonstrated that peas and 
raaize plants grown under aseptic conditions in'^ medium containing 
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sucrose produce considerable quantity of reducing sugars. 
Organic nitrogen has "been shown to be exuded from roots of 
maize growing under sterile conditions (Lyon and Wilson, 
1921). Various kinds of compounds such as vitamins (thiomine 
and biotin) from flax seedlings (West, 1939)T glucose, 
flavonose and nucleotides from peas (Lundegradh and Stenlid, 
1944)' nucleic acids from germinating pea seeds (Pries and 
f ^ 
Porsman,1951),' amino acids and a reducing sugar similar to 
that—ofLglucose from roots of tomato^ soyabean, barley and 
oat (Katznelson, 1954)J amino acids from pea roots (Rovira, 
1956a)'',glucose, fructose, ribose, galactose and xylose from 
clover roots (Smith, 1966)t lucine^%ethionin6,"glutamic acid, 
aspartic acid, cystine, phenylalanine, arginine (amino acids)'; 
/rhamnose, arabinose, glucose, fructose, sucrose and raffinose 
(sugars) from roots of some leguminous crops (Roy and Dwived|, 
1967)* organic acids and sugars from the root exudates of 
Sor|g!hum vulgare and Brassica .juncea (Bhuvaneshwari and Subba 
Rao, 1957)r fatty acids (Palmaic, stearic and oleic acid) from 
bean (Papavizas and Kovacs, 1972) have been reported. Quali-
tative and quantitative changes in the nature of root exudates 
have also been found between resistant and susceptible varieties 
of Hibiscus esculentus (Afifi, 1976). Similar, results have 
been reported by Furgal-Wegrzycka (1984), Cahill et^  al. (1985), 
Mikzak et al. (1985a) and Chaudhary ejt al. (1986). Satyaprasad 
and Rama Rao (1985) found qualitatively more amino acids in 
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the exudates of susceptible in comparison to res i s t an t va r i e ty 
of chickpea. Aspartic ac id , asparagine and h i s t i d ine were 
detected only in the exudates of the suscept ible va r i e ty 
while cyst ine and galactose were cons i s ten t ly present in the 
exudates of the r e s i s t an t v a r i e t y . Mikzak e^ a l . (1985b), 
found tha t aspar t i c acid was h igher in suscept ib le cu l t iva rs 
while methionine, g lycine, leucine and prol ine in r e s i s t an t 
c u l t i v a r s of hops. 
Srivastava (1973) demonstrated a d i r e c t r e l a t ionsh ip 
between rhizosphere microflora and amino acids in the root 
exudates and root ex t rac t s of Echinochloa c u r s - g a l l i and 
Papsalum seorbiculatum. Su l l i a (1973), while studying the 
- • • j ^ f f ec t of root exudates and root e x t r a c t s of Cassia to ra and 
«<«3t-
.7 ^ C r o t o l a r i a medica observed tha t they st imulated the growth of 
rn-'N;^ ^ V ^ jQOst of fungi except Trichoderma lignorum (Tode) Harz. Buxton 
V^ yf' f-"' i'(1957) observed that oospores of Pythium mamillatum Merrs. 
"^  > .A ^' ^^ilQd '''0 geirminate in non-rhizosphere s o i l or in d i s t i l l e d 
•J ^ jvv'^ '. % ^ ; water but germinated in the presence of growing tu rn ip 
\^ ^\ Cx • 
v^ ^ :?;;'> ^^y ; seed l ings . Similarly Goley-Smith and Hickman (1957) observed 
o^"* ^^ tha t the s c l e r o t i a of Sclerotium cepivorum Berk, germinated 
^^ C'-r-^  ^ in the presence of onion roo t s . Roy and Dwivedi (1967) found 
s 
s 
complete inhibition of conidial germination of Helminthosporlum 
sativum Pammel, King and Bakke and Fusarium culmorum (oraith) 
Sacc. on glass slides in sterilized soil bufmajori^iv of 
conidia germinated in the vicinity of wheat seedlings. Youssef 
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and Mankarios (1969) reported that root exudates of broad 
"bean and cotton stimulated spore germination and growth of 
rhizosphere fungi. Sharma and Sinha (1974) observed stimu-
lation in germination of fungal spores in the exudates of 
linseed roots. Schench and Stotzky (1975) pointed out that 
volatile compounds from germinating seeds of six plant spp. 
increased growth of several fungi and bacteria, including 
Birwinia carotovora (var, carotovora), Afirobacterium tumefaciens. 
Fusarium oxysporum f. sp. conglutinans and Trichoderma viride. 
Karimbaeva and Sizova (1977) observed a positive relationship 
of concentration of root exudates on growth of fungi. Gussin 
and Lynch (1983) found that Pusarium culmorum caused more 
inhibition of plant growth of wheat, barley and rye grass when 
grown on root exudates than when present as a spore suspension 
in sand. El-Hamalawi and Erwin (1986) found (5-4>C9ld higher 
spore germination of Phytopthora megaspeima f. sp. medicaginis 
in root extracts and root exudates of alfalfa than in water. 
'i'^ '^ Tu (1972), while studying \gEU seed and root exudation 
7" .v-'^ r^ in relation 10 ^HhJ-2^ -CJL0JiiSL damping off of various crops, 
.;--''^..% concluded that the incidence of disease appeared to be mainly 
• - ^ 
V-^ '^ jT' affected by the nature of the exudates. Afifi (1976) observed 
•r a correlation between the pathogenic potentialities of Fusarium 
oxysporum. F. moniliforme (Gibberella fu.1ikuro:y, F. solani and 
F. semitectum and volatile "and gaseous exudates of germinating 
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seeds or roots of Hibiscus esculentu3*an4—founri thay pynHntPw 
from ^ susceptible cultivar stimulated conidial germination of all 
vtiie'four fungi wher^aa those from the resistant cultivar 
stimulated germination of^P. moniliforme. Satyaprasad and 
Rama Rao (1983) observed that root exudates from a susceptible 
Gicer arietinum L. cultivar stimulated mycelial growth and 
germination of conidia and chlamydospore of^wilt pathogen 
(Fusarium oxysporum f. ap. ciceri). while those from a resistant 
cultivar exhibited inhibition. Purgal-Wegrzycka (1984) found 
that mycelial growth and spomilation of Fusarium spp. and 
Ascochyta spp. were inhibited by extracts of resistant but not 
those of susceptible pea lines. 
Burden et al. (1974) attributed natural resistance in 
pea and bean against root rot to be due to antifungal qompounds 
secreted by roots. Similarly, Salt (1982) observed, wilt resis-
tance in fababean was related to p-alanine content of seed, 
root and root exudates. Mikzak ejt al. (1985a) reported that 
contents of phenols, chlorogenic acid and monophenol/polyphenol 
ratio were indicators of resistance to Verticillium albo-atrum 
and Fusarium sambucianum (Glbberella pulicaris). The concen-
tration being higher in resistant hops. Mikzak ^ al. (1985b) 
also found that in hop cultivars susceptible to Verticillium 
alb0-atrum and Fusarium sambucianum (Gibberella pulicaris), 
the level of aspartic -aGid was higher (bu^^that of glycine, 
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leucine, and proline in the resistant cultivars. Deacon and 
Mitchell (1985) attributed resistance of oat roots to 
Allomyces arbuscula, Aphanomyces sp., Phytopthora cinnamomi, 
Pythium aphanidermatum, P. arrhenomanes. P. ,g;raminicola« 
P. intermedium. P. ultimum var. sporangiferum and! Sporolegnia 
litoralis to be due to saponin in the root. 
1.2.5 Soil Type 
Soil plays an important role fo r growth and metabolism 
of piaitfe- thereby influencing i n d i r e c t l y the rhizosphere micro-
f l o r a (Dick and Ali-Shtaych, 1986). Peterson (1958) while 
comparing s o i l fungal f l o r a around wheat and red clover, con-
eluded tha t the re was no difference in(R:S' r a t i o of p la te 
counts of red clover in the three so i l s f however fo r wheat -t^< 
^ J 
R:S ratio was 34 in the acidic sandy loam and of 10 in neutral 
A 
clay loam. ^Pusarium sp, was found on red clover on the root 
—————— ^ J, 
surface in acid soil, whereas Cylindrocarpon sp.^in the acidic 
A 
and neutral soils. ^ /Gliocladium sp. was not isolated from roots 
of plants growing in acid or alkaline soil but was present in 
? 
neutral soil. With wheat grown in acid soil, Pusarlum spv^  • . \ 
ft 
again predominated .but in the alkaline soil ^  Gliocladium spJ'^il. 
Rapidly^s'pexim^types such as Penicillium spj2 were most numerous 
in both acid and neutral rhizosphere, and root free soils for 
both plants but not in chalky soil. This kind of preferential 
selection oi fungi in different soil types has been observed 
- 17 -
by Welte and Trolldenier, 1961; Zhdanova, 1963; Joffe, 1969; 
Downes, 1972; Zgorkiewicz and Mackiewlcz;, 1975; Biaset and 
Parkinson, 1979; Behera and Mukherji, 1979; Joahi, 1982, 
Vardavakis, 1986; Dick and Ali-Shtayah, 1986. However;Kamal 
and Singh (1969) found no significant effect of soil factor 
on distribution of fungal population. 
1.2.6 Soil Moisture 
Early studies by Clark (1940) and Timonin (1940 showed 
increased microbial counts in the rhizosphere of wheat5?and 
f lax .respectivel;^ as the soil moisture content decreased. 
Similar observations were made later by Clark (1948) with 
soybean. Tresner (1954) observed that the size of the soil 
microfloral populations was correlated with the moisture and 
organic matter content of the soil. Venkatesan (1962) obtained 
highest counts of bacteria, fungi and actinomycetes in the 
rhizosphere of rice in soil with 20/i and AO'/. moisture, but 
the R:S ratio increased with greater moisture content until 
saturation, the high R:S values under submerged conditions 
were probably due to low soil counts. Sondhi (1964) observed 
a greater fungal species and higher population in the rhizo-
sphere of Cicer arietinum at 15X moisture than at 25/^  or 35^. 
ooil analysis of Cicer arietinum and Lens culinaris by 
'Jujrati (1968) showed that a change in the moisture content 
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had a pronounced effect on the gtingal f l o ra . Similar r e s u l t s 
were obtained by B i s s e t t and Parkinson, 1979 and Manoharacharya 
and B i lo l i ka r , 1979. 
1.2,7 Light and Temperature 
Rovira (1959) studied the effect of l i gh t and tempera-
ture on root exudation. In the wheat rhizosphere, Rouatt and 
Katznelson (I960) observed tha t reduction in d i f fe ren t bac t e r i a 
coincided with the reduction of l i g h t from 1,000-300 f t . c . 
However, Peterson (I96I) s ta ted t h a t shading of plant-^had no 
appreciable effect on vege ta t ive ly ac t ive fungi colonizing 
the primaiy root of wheat and soybean seedl ings . Sr ivastava 
(1971) studied the effect of continuous l i gh t and continuous 
darlc' on the rhizosphere and liiizoplane microflora of >feeat 
and barley^^;^ *concluded tha t amino acids in root ex t r ac t s 
were higher in p lan ts exposed t o continuous l i gh t corresponding 
with higher microbial popiilation/yjln the rhizosphere^ of these 
p l a n t s . 
A de ta i l ed study of temperature effect has been carr ied 
^ .^^ ^ out by Rauatt e_t a l , (1963) with wheat and soybean grown at 
^' three ranges of temperature ( i . e . 55-60°, 70-75° and 85-90°F. 
y . - XiJumberSof bac te r i a in the rhizosphere and rhizoplane of wheat 
^ />^ ^xC increased as the temperature decreased, whereas numbers in 
t 'l'"' the root free s o i l and on soybean roots increased with increased 
^ 
temperature. Fungal isolation showed a higher incidence of 
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Mucor, Rhizopus, Rhizoctonia and G-llocladlum spp. on soybean 
at high temperature whereas species of Fusarium and 
Gylindrocarpon were prevalent at low temperature. However, 
the most most striking feature was the predominance of non-
sporing hyaline type at low temperature. The results suggested 
that temperature exerted both direct and indirect effect on 
the rhizosphe"re population. The later being more important. 
Namoradize (1975) tabulated effect of different temperature5 
on the development of Fusarium speirteis isolated from peach 
roots where mi-nimum temperature.,, for mycelial growth of 
F. oxysporum and F. solani ;^te5.0°, optimum 25-30 and maximum 
55°C. Sporulation was observed only at 15-30 . Spore germi-
nation occurred at 5-37° with optimum temperature of 20-30°C. 
It is suggested that no generxlization cajn be made with respect 
to occurrence of different fungi as influenced by temperature. 
But large n<^of fungi are found at temperatures at which the 
growth of the plant is favoured (Marks, et_ al., 1975; Bissett 
and Parkinson, 1979, and Phillips, 1986). 
1.2.8 Seasonal Variation 
The primary factor responsible for rhizosphere pheno-
menon is plant itself. So any condition that significantly 
e^ ffect its morphology and physiology will be reflected in 
quantitative and qualitative changes in the microflora of root 
zone. In addition to various effects of stage of the plant 
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growth and kind of the plant, the percentage of moisture 
content, reaction and fertility of the aoil, environmental 
factors such as light, temperature and seasonal variations 
and plant treatment ^ ffect the rhizosphere population to a 
varying degree by influencing the plant growth. They also 
exert a direct though considerable less effect on micro-
organism themselves. Seasonal effects as reported by various 
workers (Katznelson, 1946; Millar and Boothroyd, 1962) may be 
considered to reflect the combined influence of all these 
environmental conditions. Panwar jet_ al. (1967) obseinred that 
Rhizopus. Aspergillus. Penicillium, Ghaetomium. Neocosmospora. 
Alternaria, Helminthosporium. Qurvularia and Fusarium were 
some of the common genera which occurred practically all tl?.e 
year round, while the activity of certain forms like^Choen'dphora. 
Gunninghamella. Sordaria, Monocillium. Myrothecium. Cladosporium 
Gylindrocephalum, Gephalosporium, Trichothecium ^orotrichum 
and Phoma varied with the plant and the season. Marks et_ al. 
(1975) studied quantitative variation in population levels 
of Phytopthora cinnamoni in Euclyptus forst soil^of Eastern 
Victoria. There was marked seasonal variation in the Population 
Density Index (PDI), especially on the (1iight)hazard site. Minimum 
values occurred in winter and maximum in summer. Gangawane and 
Deshpande (1977) observed qualitative and quantitative diffe-
rences in the rhizosphere mycoflora of groundnut in response 
of seasonal variations. Davet et al. (1980) studied rhizosphere 
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mycoflova of bean (Phase.'clus vul£aris)_ and observed that 
Fusarium solani occurred through,*' the year while Rhizootonla 
solani was favoured by warn/and Pythium aphanldermatum by v-^ 
rainy season. Similar seasonal variations in the occurrence 
of fungi in rhizosphere has been reported by Padma and 
Mukerje, 1972; Subramaniyan and Rao, 1977; Bisset and 
Parkinson, 1979; Manoharachary and Bilolikar, 1979; Singh 
and Bhargawa, 1981 and Vardavakis, 1986. 
1.2.9 Soil Amendment 
Organic amendment of soil has been a village practice 
for a long time without realising its implication in disease 
control. Clark and Thorn (1939) reported that rhizosphere 
microbial population of cotton and wheat responded favourably 
to organic manuring. There na^/^een other reports of increase3 
in microbial population due to organic amendment,^(Absalyamova, 
1963; Bumbieris, 1969; Khanna and Singh, 1975; Ashraf, 1981 
and Ansari, 1983). Venkateson (1962) pointed out that.although 
initially there (has_Jie£id]^  decrease in liiizosphere population 
of bacteria and fungi in^rice field due to organic amendments, 
(but/after 45 days.R:S ratio increased. Not only organic amend-
ment but incorporation of fertilizers,, has resulted in an 
increase in the microbial counts (Mosolov £t al., 1959; 
Gadzhieva, 1959; Jalaluddin, 1975 and Ansari, 1983). Samtsevich 
and Borisova (1961) pointed out that, although in pot experiments 
/ 
- 22 -
soil amendment with mineral and organic fex-tllizers had 
little effect on microbial counts in uncropped soil or in 
wheat rhizosphere, feutyin field experiments there had been 
a significant increase in the rhizosphere population which 
however, depended on the time of the year. Mishra (1972) 
recorded a stimulation in the rhizosphere mycoflora of Oryza 
sativa L. as a result of incorporation of superphosphate. 
Bagyaraj and Rangaswami (1967), on the other hand, recorded 
a decrease in population of fungi in the rhizosphere of 
Eleusina coracana Gaertin due to amendment with fertilizers. 
At the other extremes', Yoroshilova (1956), Katznelson et_ al. 
(1959), Lochhead (1959) and Baker and Nash (1965) obseirved 
that liiizosphere population was not affected by soil amendments. 
This principle of modification of rhizosphere mycoflora 
has been employed in controlling (th^fdisease (Davey and 
Paparizas, I960 and Singh^et al.~t' / 198'5). Davey and Papavizas 
(1959 and I960) pointed out that addition of organic materials 
ait^hougMresuited in an increase in microbial population but 
suppressed the root rot of beans caused by Rhizoctonia spp. 
Ghauhan (1965) observed a reduction in the incidence of 
Fusarium wilt of gram (Cicer arietinum 1.) by amending the 
soil with groundnut, till (Sesamum indicum) or mustard oilcake. 
Srivastava and Sinha (1971) reported a reduction in wilt of 
coriander (Goriandrum sativum L.) caused by Fusarium oryspoinim f. 
\J 
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sp.cgbriandrl Narala and Joshi/by soil amendment with oilcakes. 
Soil amendment with chitin, l/Laminarin, wheat straw and over-
dried green clover has been reported to inhibit the microbial 
population in soil and activity of Vertlcillium dahliae 
(Jarden et, al., 1972). Population of Fusarium ^-a-xesult 
of-o-rga-ni-e-ameadaent^was reduced by volatile degradation 
products of oilseed amendments (Zakaria e_t al., 1980). 
c 
Pungistatis' effect against pathogenic fungi has been reported 
due to soil amendment with mesocarp, root, seed and skin 
extract of avocado trees (Wehner, 1982) and with N and chitin 
against Fusarium oxysporum f. sp. ciceri (Satyaprasad and 
Rao, 1982). There has been reduction in the population of 
A 
sclerotia of Corticium sasakii (rice pathogen) due to amendment 
? 
of soil with dhaincha (Sesbania . ap.) followed by sunnhemp 
1/5 S 
and mung (Dath, 1982). Similar,^ reduction,, in population of 
s o i l borne pathogens have been reported by Lumsden (1985) 
and Sinha and Prasad (1986). {^here have been-repoxt--—_.wherev>--' 
,incidence5of d iseases h^^been found t o increase due to s o i l 
amendments. Son e_t a l . (1985) reported tha t incidence of 
,^ ^&inseng root rot caused by Fusarium solani increased due to 
s o i l amendment with (amendmSntg'-o^ crushed wheat, sweet potato 
s t a l k , Chinese cabbage, ginseng leaves and soybean pods^but 
s o i l amendment with g a r l i c roo ts , walsh onion, cabbage leaf 
and s t a lk , green onion s t a lk , wheat straw and bar ley straw 
decreased the incidence. Similar ly Moubasher and Abdel Hafez 
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(1986) pointed out that there had been stimulation of 
rhizosphere fungi of cotton and root patho/^ ens [i.e. 
•Rizoctonia solani. Fusarium oxysporam and F. moniliformae 
(Gibberella fu.1ikuroi)j by dung manure, clover straw and 
wheat straw. 
O'Rouke and Miller (1966) pointed out that soil amendment 
with fertilizers decreased the incidence of alfalfa root rot 
and recovery of Fusarium spp. from roots and rhizosphere. 
ReductionSin the number of, Fusarium oxysporum f, sp. niveum 
(wilt pathogen of watermelon) due to .oil amendment with N 
fertilizers.including urea and KNO^ ,and increaseswitk ammonium 
sulphate have been reported by Huang and Sun (1982). Addition 
of urea in soil increased the amount of ammonia which resulted 
in the decrease in the population of Pythium ultimum. 
Thielaviopsis basicola and Macrophomina phaseolina (Lockwood, 
1985). The copulation of Acremonium implicatum and Fusarim 
sacchari was- recorded by soil amendment with inorganic subs-
tances (Narendra et_ al., 1985). This was attributed to be due 
to increaseSin soil populations of antagonistic and fungistatic 
actinomycetes,^bacteria and fungi. 
Inhibition of soil microorganisms and plant pathogens 
due to application of pesticides, herbicides, fungicides and 
nematicides has also been reported (Bollen _et_ al., 1954; 
Bollen, 1961; Lebed, 1964; Bazhina, 1967; Alconero and 
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Ragedom, 1968; Valaskova, 1968 and 1969; Smiley et_ al., 
1970;^Agnihotri, 1971; Chawdhery et al., 1972, Tu, 1972 and 
1973; Singh and Prasad, 1973; Marie et al., 1974; Midhu and 
Nandwana, 1974; Phipps and Stipes, 1975; Jardon, 1975; 
Attabhanyo and Holcomb, 1976; Bertoldi et al., 1977 and 1978; 
El-Khadem et. al., 1977; Oku, 1979; Sinha et al., 1980; Jain 
and Sehgal, 1980; Bartaria et. al., 1982; Reis, 1982; Bollen 
et al., 1983; Malajczuk et al., 1983; Doneche e_t_ al_., 1983; 
Torststensson and Wessen, 1984; Deb and Dutta, 1984; Ingham, 
1985; Thind and Jhooty, 1985; Youaeff et. al., 1985; Yarden, 
1986). This reduction has been reported in part due to direct 
influence on ..pathogen also in parW due to disturbance of 
soil microflora. 
1.2.10 Poliar Spray 
Besides soil amendments, foliar spray of plants with 
5 ^ 
chemicals .which could be pesticide or fertilizer also influence 
the rhizosphere microflora both qualitatively and quantitatively 
(Rovira, 1959, Rauatt and Katznelson, I960; Balasubramanian 
and Rangaswami, 1973 and 1975). Ramachandra Reddy (1959 and 
1968) obseDTved a quantitative and qualitative change in the 
population of bacteria, actinomycetes and fungi in the 
rhizosphere of rice by spraying with urea. There 6s:s~been3 
srf-
a g rea te r influence in the number of P£nx£illiM:^t low 
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concentratior^ but at h igher concent ra t ion^of urea AsperglllJA^ • 5/7/ 
were st imulated. Horst and Herr (1962) reported an increase 
in the number of actinomycetes an tagonis t ic to Fusarium 
s 
roseum f. ce rea l i s in the rhizosphere due to spray^of plants 
with urea. Similar i n c r e a s e / i n bac t e r i a and ant M o n i s t i c 
actinomycetes due t o spray with urea (ha^ Jjeen observed by 
Vrany (1972). As a r e su l t of spray with urea there has been 
an increase in amino acid con t en t . pa r t i cu l a r l y glutamic acid 
and a-amino butyr ic acid in the root exudates of plants 
(Agnihotri, 1964). Spray^ of p lan ts with ammonium sulphate 
increased the population of fungi and actinomycetes (Bagyaraj 
and Rangaswami, 1982). On the other hand, a decrease in the 
number of fungi in the rh i zosphe r^ of wheat and maize as a 
r e su l t of spray has a lso been observed (Vrany, 1963 and 
Annapuma and Rao, 1983). 
Changes in the populat ion of microorganisms in the 
rhizosphere as a r e s u l t of sprays with other chemicals such 
as a n t i b i o t i c s , n u t r i e n t s and growth regula tors have a lso been 
recorded (Venkatason, I960, Rangaswami and Vasanthrajan, 1961; 
Vrany et sJ^., 1962; Kundaswamy and Rangaswami, 1967; Su l l i a , 
1968; Gujrat i , ^^69; Singh, 1970; Gupta, 1971 and Chandra et_ a l . , 
:> 
1982\ Dwivedi nd Singh (1971) noted that spraj^  with gibbere-
llic aci^ in low concentration (i.e. 50 ppm) increased the 
fungal Dopulatioh but spray with higher concentrations 
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(100 and 200 ppm) inhibited the buildup. However, maleic 
hydrozide was found to be inhibitoiy at all the concentrations 
tested. 
X '^ -fungicides sprayed for controlling diseases are trans-
ported downwards into roots. Thus the root exudates are also 
influenced which in turn influence the rhizosphere microflora. 
There rhas-b.e.e,^ a decrease in the rhizosphere population of 
bacteria as a result of spray with Bordeaux mixture, malachite 
green and Dithane Z-78 (Halleck and Cochrane, 1950) and with 
other fungicides (Swaminathan and Sullia, 1969 and Wainwright 
and Sowden, 1977). 
Balasubramanian and Rangaswami (1975) pointed out that 
application of Diathane Z-78 (200 ppm) adversely influenced 
the exudation of amino acids from the roots of Sorghum vulgare 
and Crotolaria .juncea L.. which probably caused reduction in 
rhizosphere population of microorganisms. Similar results 
were obtained by Sullia (1969), Srivastava and Mishra (1971), 
Ranga Rao et al. (1972), Wainwright md Sowden (1977), 
Srivastava and Dayal (1981) and Gunasekarand Rao (1982). 
1.2.11 j'athogenesis and Resistance 
The intense microbial activity in the rhizosphere has 
5 
direct or indirect effect on plant pathogen and development 
of diseases (Skilyagina, 1967; Voronkevich et_ al_., 1972; 
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Mail, 1973; Wnekowski, 1975; Kutrzeba, 1984; Gagne et al., 
1985 and Sakthivel et. a l . , 1986) and v ice-versa (Par l ik , 
1950; ^Agnihothrudu, 1959; Mathur and Chauhan, 1972; Stefurak, 
1976; El l ingboe, 1983 and Yuen, and Sciiroth, 1986). 
By and l a rge , the rhizosphere microflora cons t i t u t e 
the non-pathogenic organisms. This often leads to more 
des t ruc t iveness d^^^soil home pathogens in s t e r i l e than in 
normaly Urristerilized s o i l . Even s u s c e p t i b i l i t y and re s i s t ance 
to s o i l borne pathogens have been re la ted t o the a c t i v i t y of 
so i l / rh i zosphe re microflora. Ba^o lds (1926) cor re la ted the 
r e s i s t ance of f lax v a r i e t i e s to Pusarium l i n i (Bolley) to the 
a v a i l a b i l i t y of hydrocyanic acid . In the p l an t s , a g r e a t e r 
rhizosphere a c t i v i t y in the suscept ib le v a r i e t i e s has been 
reported in (many) crops r~«§^ "^lax against Fusarium oxyspoirum 
>^ — — — — — — . 
and tobacco against Thielaviopsis basicola Zopt. (Timonin, 
1940), banana (Harper, 1950), maize (Horny and Ullstrup, 1967), 
cotton (Avezdzhanova, 1974), wheat (Srivastava and Mishra, 
1972) and cauliflower (Khan et. al., 1973). Species of 
Alternaria, Gephalosporium, Fusarium, Helminthosporium and 
Verticillium were more abundant in susceptible varieties of 
flax as compared to resistant varieties (Timonin, 1941). 
Winter and Rumker (1949) j^on the basis of detailed studies 
c^onc-lii.d.e^ '^ hat resistance of maize and wheat to Aschochyta 
pinodella Johns and Fusarium culmorum (Smith) Saccai^ io 
respectively was mostly conditioned by rhizosphere microflora. 
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Parlik (1950) observed that Aspergillus glaucus Link and 
related species predominated in the sterile soj.1/ but 
•Fusarium lini Bolley and Penicilllum spp.^ ^^ i^n the rhizosphere 
soil otklax seedlings infected with P. lini. [Th-eie-Jias_-been|y--^  
High rate of multiplication of species of Penicillium.gn the 
rhizosphere^of infected plants, but the multiplication of 
saprophytic bacteria and fungi was markedly reduced. Species 
U 
of Aspergillus. Phoma. Pythium. RhizoctXnia were found predo-
minating in the rhizosphere of diseased plants of Pinus'(Wh-il-e-
<yp Alternaria. Oephalosporium. Meterrhizium, Spicaria and 
Tilachlidium spp..^in healthy plan1;^ .|(Timonin, I966). Buxton 
(1957) reported that germination of conidia of a race of 
Fusarium oxysporum f. ,.pisi Linford was poor in the extract of 
the rhizosphere of resistant cultivar but was stimulated in 
that of susceptible cultivar.' This led him to conclude that 
rhizosphere microflora(j^affected by the excretions from the 
roots of susceptible varieties. Similar results have been // 
obtained with varieties of G-ossypium arborium race indicum lini 
(Sulochna, 1958). "^ 
Mukhopadhyay and Nandi (1974) reported, differences 
between healthy jute plants and plants infected with Macrophomina 
phaseoli (.Maubl.). Agnihothrudu (1959), while studying the 
rhizosphere microflora of tea in relation to charcoal stump 
rot caused by Ustalina zonata (Lev) Sacc, pointed out that 
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there were differences in density of the fungi auid jp^cteria 
in rhizosphere flora of apparently healthy and infected 
plants. Khare (1968) recorded that the rhizosphere of diseased 
strawberry plants harboured more fungal population in comparison 
to their healthy counterparts. Powell (1969) observed that 
Trichoderma sp. exhibited higher frequency in healthy plants 
and not in infected ones. 
Vishwanath ^ al.. (1969) pointed out that the microbial 
population/iof soil and rhizosphere !»as altered both qualitatively 
and quantitatively around diseased coffee plants. Mathur and 
Ghauhan (1972) while studying the rhizosphere of gram infected 
with Fusarium oxysporum f. sp. ciceri Natuo sato., Bhizoctonia 
solani Kuhn and Sole rot ium roflsii Sacc.^  recorded higher 
population of microorganisms in the rhizosphere of diseased 
plants. Similar results have been obtained by Srivastava and 
Mishra (1972) in wheat infected with Puccinia graminis var. 
tritici (Pers.) Eriks and Henu: by Khan et_ al.. (1973) in 
cauliflower infected with Rhizoctonia solani (K@li and Fusarlum 
spp.; by Babushkina (1973) in cotton infected with Verticillium 
dahliae Kleb; by Rai and Upadhyay (1980) in pigeont)ea infected 
with Fusarium udum; by Ashour £t_ al. (1980); in onion infected 
with (Fusarium oxysporum f. sp. capae; by Ashraf (1981) in 
Triticales hexaploid and Pennisetum typhoides infected with 




Wadhwani and Mehrotra (1982) in smut infected plants of 
; J Gynedon dactylon. Vesely (1985) concluded t^ iat the numbers 
y of oathogenic and saprophytic fungi (wa«)6ore^ ^ on the root 
t $ 
surface of sugarbeet plants affected by damDing-off^ On the^ 
other hand, Chatopadhyay and Mukhopadhyay (1967) recorded 
higher rhizosphere population in healthy rice plants in 
comparison to their infected counterparts. Similar results 
were obtained by Stefurak (1976) in spruce infected with 
Pomitopsis annosa Karst (Heterobasidium annosum), by Kannaiyan 
and Prasad (1981) in rice infected with Rhizoctonia solani and 
by Kishan et al. (1982) in sugarcane infected with Grlomerella 
tucumensis. In multiple pathogenic conditions, such as root 
knot and Risarium wilt, there has been greater microbial 
>^~i •[.^••^•WMTii-l^iHgWfi _ lull I •  ' C * 
activity in the rhizosphere of plants. Bergeson et_ al. (1970) 
in disease complex studies concluded that Fusarium oxysporum f. 
sp. lycopersici was more in the rhizosphere of tomato infected 
with Meloidogyne ,javania than in rhizosphere of non-infected 
plants. Hirano (1983) reported that in multiple pathogenic 
conditions involving root-knot nematode and Fusarium sp. in 
tomato there has—beei^^an increase in the population of gram , 
bacteria but reduction in Fusarium oxysporum propagulas*»;, v/'^ --—^  
1.2.12 Interactions Between Soil Microorganisms 
Different rhizosphere fungi develop some/kind of relation-
r ' 
ship with each other. [The most important one is the antagonistic 
^u !>'• A P ^ •^ 
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relationship. Waksman (1944) estaolished the existance of 
mycelia in soil and hence suggested active involvement of 
fungi in the soil ecosystem. Soil fungi such as Ghaetomium 
spp. had an antagonistic effect ori-Jlspergillus.XCurvularia. 
Fusarium and Penicillium (Mukerji, 1968). Trichoderma 
lignoiram (T. viridae). T. koningi and Pseudomonaa fluroescens. 
Bacterium pyocyoneum (P. aeryginosa), Bacillus subtilis. 
B_. meg.o'terium and B. mesenterious (Anon, 1968). Babushkina 
(1974) pointed out that there 'lia^ ;^ een more antagonistic fungi 
in the rhizosphere of healthy plants than that of Verticillium 
infected plants. Similar results were obtained by Mall (1973). 
Penicillium carpeteles. Ohaetomium and Trichoderma have been • 
found antagonistic to various pathogens such as Fusarium 
monilifoirme (Gribberella fu.iikaroi) (Toledo and Cardoso, 1975) 
Trichoderma spp. to Phytopthora (Qnicotiana var.O/ parasitica. 
Rhizoctonia solani, Pusarium oxyspoi^ um and Verticillium daii'-'*-^-
(Raicu and Stan, 1975), Trichoderma harzianum to Solerotium 
rolfsii (Arora and Dwivedi, 1979), Gorticium rolfsii. Fusarium 
oxysporum f. lycopersici (Endo et al., 1976). Pineda and Diaz-
Palanco (1981) obsein;-ed reduction in the incidence of 
Sclerotium rolfsii on bean by Penicillium notatum. Dwivedi 
and Mishra (1982) observed that Gladosporium cladosporoi^des 
was a hyperparasite on Rhizopus oryzae. Vargas and Ramirez 
(1983) reported that Bacillus megaterium from the rhizosphere 
"of cotton seedlings strongly inhibited Rhizoctonia solani, 
.;-oV>;: «>&>?. vV/T/*' V^'^' - ^  1 /5- ^ . - _. ^^i^v.. ~^' .vx V- A )- -y V ~ ^ ^ 4--?;«,i^/4/'^r .+ '^ 
T-iJ 
'-"^"^  -/^  the causal agent of damping-off. Lumaden .i(1983) established 
IV ' J effective biological control of Sole rot ium spp., Sclerotinia 
u' JK'^  s-PP., Rhizoctonla solani and Pythi\un spp. by Trichoderma spp. 
u^v'"^  and Glio clad ium spp.; Sclerotinia spp. and Sole rot ium 
cepivorium by SporideSium sole rot iv.oiram and Qoniothyrium 
minitans, Pythium spp. and Rhizoctonla solani by Tisaria 
arvalis and Fusarium spp. and Pythium spp. by Ghaetomium 
globosum. Grokulopalan and Nair (1984) pointed out that 
• AAspergillus niger and Trichoderma viridae were highly anta-
^ \. gonistic to Rhizoctonla solani. Hus and Lockwood (1984) 
? J^ 
V x^ observed that Hyphochytrium catenoides could be used for 
'^ 
•^ "^ ^ biological control of Phytopthora root rot. Aspergillus niger 
has also been reported to be antagonistic to the collar rot 
pathogen, Rhizoctonla solani (Venkatasubhaiah and Safeulla, 
1984). Trichoderma spp., Qynothyrium minitans and species 
of Fusarium and Penicillium isolated from soil have also been 
shown to have antagonistic effect^ o^n Sclerotinia sclerotioram 
(Zozzerini and Tosi, 1985). Acrophyalophora levis. Myrothecium 
roridum and Paecilomyces inflatus exhibited strong antagonism^ 
towards B. theobromae; Aspergillus niger and Memnoniella 
echinata towards F. solanif and Aspergillus niveus and 
Mimnoniella echinata towards Macrophomina phaseolina (Agarwal, 
1986). Trichoderma harzianum, Penicillium purpurogenum and 
?. funiculosum were found to be the most antagonistic to 
Drechslera sorakiniona ( Gochliobolus sativus) (iilrmekova and 
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Abirova, 1986). Thus it is clear that there are^ l^arge number 
of fungi which are antagonistic to pathogenic fungi and the 
most important one i^ '^ species of Trichodeima. 
Legumes (b«i«^ \iiext"irtr''ce]?eaJL^ ~i:^  the worldover as 
source, of proteins (Allen and Allen, 1958) and form an important 
constituent of vegetarian diets. Besides protein, they are 
also source of carbohydrate, fats, vitamins and minerals. 
Chickpea (Cicer arietinum L.) is the third.-^ important 
pulse crop in the world from extending latitude from 15 to 40 N 
of equator. In India/.the area under cultivation of chickpea 
is 9 million hectares (Chandra, 1983) and ^aou^^^^O/ of the 
world production (Verma, 1984). The yield of the crop in 
India is far below the average yield of chickpea in developed 
countries .which is partly due to poor tillage practices and 
partly due to damages done by diseases and pests (Pandey, 1982; 
Tripathi and Sharma, 1983, Singh and Bhargawa, 1985 and Grewal 
et. al., 1985). Among the various disease of chickpea wilt'>> 
occupy an important position in lowering the yield of crop. 
The wilt caused by Fusarium oxysporum Schlecht. emend. 
Snyd. and Hans. f.sp. ciceri (Padwick) Snyd. and Hans, was 
first described by Padwick in 1940 from India. Annual losses 
to cron due to the disease ^ ^^^een estimated to be 10 percent 
(Haware and Nene, 1982). The causal organism is both seed 
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borne and soil "borne (Haware et_ al.; 1978; Kotasthan ejb al., 
1979; Sharma and Gupta, 1983; and Conci et al., 1985). 
Soil borne diseases have been controlled by managing 
the rhizosphere mycofl02:a favouring the antagonists of the 
causal organism in the soil (Winter and Rumker, 1949; 
Babushkina, 1974; Vorgas and Remirez, 1983 and Zozzerini and 
Tosi, 1985). This has been successfully attempted by comparing 
the rhizosphere mycoflora of infected and uninfected crop 
followed by management of antagonists by foliar sprays and 
organic amendments (Davey and Papavizas, I960 and "Horst 
and H'err, 1962; Vrany, 1972 and 1973; and Bagyaraj and 
Rangaswami, 1982 and Narendra et_ al., 1985). 
From the forgoing review of literature it is clear that 
very little work has been done on the rhizosphere and 
rhizoplane mycoflora of gram in relation to wilt disease 
caused by Fusarium oxysporum f, ciceri. Moreover, little 
infoimation exis\ i^ this can be controlled by modifj'-ing the 
rhizosphere mycoflora. Hence in the present investigations, 
an attempt has been made to study the following: 
1. Rhizosphere and rhizoplane mycoflora of different cultivars 
of chickpea inoculated with F. oxysporum f. ciceri and 
compared with ^ uninoculated plants. 
2. Rhizosphere and rhizoplane mycoflora of chickpea inoculiited 
with F. oxysporum f. ciceri at varying age^and comDared with 
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vunlnociu-ated p l a n t s . , 
3 . Ef fec t of spray-/-, with i n d o l e a c e t i c ac id , i n d o l e b u t y r i c 
V a c i d , t h i o - i n d o l e b u t y r i c a c i d , g i b b e r e l l i c a c i d , male ic 
"^/^ h y d r a z i d e , u r e a , po tash , b a v i s t i n , v i t a v a x , b r a s s i c o l , 
V • t • / . b e n l a t e , captan , w e t t a b l e su lphur and s t r ep tomyc ine :)n 
'^ ^ y ; ^ r h i zosphe re and l i i i zop lane mycoflora of c u l t i v a r Ju-62 
^ 7 •''".,- • f) and JG-74 i n o c u l a t e d with P . oxyspoinim f. c i ce r i c | u id 
"" \ ^ '•" compared • with-4H^-RO^u4^^4ed--p3:aft4s;^,^)^_-
,/ ,:^Y. 4 . Ef fec t of s o i l amendments with u r e a , superphospha te , 
y v A po tash , c a s t o r cake, mustard cake, neem cake, mahua cake, 
r 
b a v i s t i n , v i t a v e x , b r a s s i c o l , b e n l a t e , cap tan , w e t t a b l e 
su lphu r on rh i zosphe re and rh i zop lane mycoflora of 
chickpea c u l t i v a r s JG-62 and JG-74 i n o c u l a t e d wi th 
£• o^ysporum f. c i c e r i /and--t;oBrpa:rg^~>nrtirimimKnri:aired 
-.pia»fes\„ 
V/ 
CHAPTER - I I ,^ v^ - j ^ 
2 . 1 PREPARATION OJj^  FIELD > ^ / ' > 5 # \ ^ ^ 
P l a n t s were grown i n beds each with an a r e a of 10 sq . 
mete rs and were g iven r o u t i n e agronomic p r a c t i c e s . The 
beds were a r ranged i n randomised f a sh ion and each t r ea tmen t 
was r e p l i c a t e d t h r i c e . 
2 .2 ISOLATION OF FUNGI FROM RHIZOSPHERE. RHIZOPLANE AND 
NON-BHIZOSPHERE 
For i s o l a t i n g fungi from r h i z o a p h e r e , f i v e p l a n t s were 
removed c a r e f u l l y from t h e f i e l d and brought t o t h e l a b o r a t o r y 
i n s t e r i l i z e d c o n t a i n e r s under a s e p t i c c o n d i t i o n a ^ l o c k s of 
y 
soil adhering the roots were cut and cirashed gently with 
minimum damage to the roots. The roots were shaken gently 
t > remove the superfluous soil and were transferred /is—the^^ 
; 
To 10 ml of this suspension 90 ml of sterilized distilled water 
was added in a separate container. Further, 1 ml from this 
•V 'vbeaker containg 100 ml of sterilized distilled water and shaken. 
A 
solution was transferred to in another flask containing 99 ml 
of sterilized.distilled water. Each time the flask was shaken. 
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Ih%this way^suspension of 1:10,000 was obtained. With the help 
,-' jjV of a sterilized pipette. 1 ml of^l:10,000 dilution was placed 
: V---' y^ in sterrMzed petridishes along with 10 ml of melted cooled 
^ * ^^ ^ X^peptone^dextrose rose Dengal agar . 
,' The fungi^developed after one week were examined and 
identified. The frequency was calculated by the formula: 
Number of plates containing a particular fungus 
Total plates poured 
For determining the weight of rhizosphere soil, roots 
were removed from the original dilution flask and washed. The 
washed water was collected in the original flask containing 
stock solution. The water was evaporated on a waterbath and 
the soil residue was dried to constant weight in an oven at 
105°G. The flask containing dry soil was weighed and the 
dilution factor calculated, allowance being made for the amount 
of soil removed in preparing the dilutions. Plate counts were 
made and the number of fungi per gram of oven dry "rhizosphere 
soil" was calculated. 
"•"PEPTONE DEXTROSE ROSE 
Agar 
KH2P0^ 
P e p t o n e 
D e x t r o s e 
D i s t i l l e d 
Rose beng; 
S t r e p t o m y 
H2O 
a l 
c i n 
BENGAL AGAR MEDIUM 
2 0 . 0 g 
1.0 g 
5 .0 g 
10 .C g 
1 0 0 0 . 0 ml 
1 : 3 0 , 0 0 0 
30 i i g / m l ( M a r t i n , 1950 ; J o h n s o n , 1957 
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For isolating rhizoplane mycoflora the "Serial root 
washing technique" of Harley and Waid (1955) was employed. 
Roots were washed several times in sterilized distilled water 
•and'cut into small pieces of 3 mm length and transferred into 
sterilized petriplates with five root pieces in each petri-
plate containing 10 ml sterilized.melted.cooled peptone 
dextrose rose bengal agar medium. The fungi that developed 
were examined and identified. The frequency of the fungi was 
calculated by the method given earlier. 
For studying the non-rhizosphere soil mycoflora, soil 
was brought from uncultivated portions of the filed in a 
randomised manner from a depth of 10 cm. Under aseptic condi-
tions, the samples were mixed thoroughly in order to get a 
composite sample. Twenty five g of soil was taken from this 
composite sample and transformed in 250 ml of sterilized 
distilled water. Flask was shaken vigorously and the resultant 
suspension was used as#stock solution. From this stock slution 
a dilution of 1:10,000 was achieved by making transfers in the 
manner given earlier. One ml of 1:10,000 dilution was trans-
ferred into petriplates along with 10 ml of melted cooled 
peptone dextrose rose bengal agar medium. Petriplates were 
rotated gently in order to obtain an equal distribution of 
solution and medium. The fungi which developed were identified 
and counted. The frequency of the fungi was calculated by the 
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method discussed earlier. Dilution factor was calculated and 
the number of fungi of oven dry "non-rhizosphere" soil was 
calculated. 
•-Vf^izospher^ fungal population w€ts- compared with population^ 
of non-rhizosphereAby using a numerical value. R:S ratio was 
calculated on the basis of; 
Number of organisms per gram of rhizosphere soil 
Number of organisms per gram of non-rhizosphere soil 
2.5 CULTURE OF FUNai 
Pure culture of Fusarium oxysporam f. sp. ciceri was 
maintained on potato dextrose agar medium . For inoculations 
the fungus was grown on commeal sand media , at 28 G + 2 G 
for 15 days. 
2.4 INOGULATIOH OF PLANTS WITH WILT PATHOGEN fPU^ARlTTM 
OXYSPORTm F..SP. GIOERj:) 
,j^  / The fungus was transferred into soil at the time of 
:^ *" r sowing or at seedling stage. In the former 5-10 g of the 
/' fungus wk^ placed in the hole containing the seed while in 
V ."^ POTATO DEXTROSE AGAR MEDIUM "*""*"G0RNMEAL SAND MEDIUM 
, ^  > Agar 17 g Gornmeal 1000 g 
\ -^  Potato(T)eeled and 200 g Washed white sand 1000 g 
/",\P,,5^ ->; , '^sliced) 
•v < r'^ , Dextrose 20 g Distilled water 1500 ml 
? •/ vC<\ Distilled water 1000 ml 
•3^J'" 
.V^' - 41 -
"P^ e latter,'^fungus was transferred into^ holes made around 
the roots of 15 day old seedlings. 
2.5 BIOGHEMIQAX ANALYSIS OF ROOT 
2.5.1 Preparation of Root Powder 
Roots of both ^ UIia.noculated and inoculated plants (25 plants 
each) were collected from the field and were washed thoroughly 
in running water and then in sterilized distilled water. These 
roots were dried in an incubator ;run«in^^at 60 G for 48 hours, 
and powdered in an electric grinder. The powder was sieved 
through^60-mesh sieve. 
2.5.2 Quantitative Estimation of Total Free Amino acids 
Amino acids were estimated (bj^  using the method of Moore 
and Stein (1954) (usi-nj'modefied ninhydrin reagent. Ninhydrin 
reagent was prepaired by dissolving 20 g of ninhydrin and 3 g 
of hidrindentine in 750 ml of methyl cellosolve (2-methoxy-
ethanol). The mixture was gently stirred. To this 250 ml of 
^^P/ "'"HYDRINDENTIN; 8 g of ninhydrin ^s dissolved in 200 ml of 
,v' ^  distilled water at 90°G. In another solution 8 g of ascorbic 
,• j-^ acid 4^ 3*"dissolved in 40 ml of distilled water at 40°G . The 
- .'^  two solutions were immediately mixed and later cooled under 
tap water. 2he crystals of hydrindentin thus obtained after 
filtration feil-t^ati-oij^ltfere washed and dried in a vaccum 
dessicator in .dark and stored in_ dark glass bottle. 
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sodium acetate buffer of pH 5.5 was added. The resulting 
reddish solution was immediately transferred to a dark 
gaiss bottle. 
For the preparation of "^ standared curve 1 mg of leucine 
was dissolved in 100 ml of double distilled water. One ml of 
-)-v—i, 
this solution was diluted to 10 ml by adding required amount 
of water. Different (amtKm.t«-oi> aliquote's^0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml were taken and the final 
volume in each case was made to 1 ml by fuirther addition of 
distilled water. To 1 ml of the above solution 1 ml of . i 
ninhydrin reagent was added and the solution was j)aased' for 
15 minutes over a water bath. The violet coloured solution 
was diluted to 10 ml by adding more distilled water. Optical 
densities were measured in^  Bousch and Lomb Spectronic 20-^alori-
meter at 570 nm against the reagent blank. A graph Wtweeri ^^ 
the optical, densities and different concentrations was plotted 
which was a straight line. 
"^ SODim^  ACETATE BUFFER; The 4 N sodium acetate buffer of pH 
5.5 was prepared by dissolving 272 g of sodium acQ,tate 
(reagent grade) in 700 ml of distilled water overAwaterbath. 
After cooling at room temperature 50 ml of glacial acetic 
acid was added and theQ>final volume was made u^to 500 ml. 
The pH of the buffer was later checked by pH met^r. 
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For the estimation of total free amino acids,100 rag ^ 
dried sample of powdered material^^c^ extracted with 5 ml^ "^  
80 percent boiling ethanol and centrifuged at 3000 rpm for 
15 minutes, /^xtract thus obtained was diluted to 10 ml by 
adding^^required amount of 80jf ethanol. To 1 ml of this 
solution, 1 ml ninhydrin reagent and 8 ml distilled water 
were added and the optical densities were determined. 
2.5.3 Qualitative Estimation of Amino acids 
Qualitative analysis of amino acids was done by following 
the method of Block (1950) using i^descending chromatography 
with Vatman filter paper no.l and n~butanol:glacial acitic 
acid:water (12:3:5) as solvent. Alcoholic extracts of sajnples 
along with 22 known amino acids were spotted on one end of the 
sheet in a line with the help of micro pipette and suspended. 
After 10 hours, the sheets were dried in the air and sprayed 
with 0.2^ (v/v) of ninhydrin in water saturated nutanol. The 
(^  0 
sheets were dried in air followed by drying inwoven at 100 G 
for 2 minutes. The H/S value of various spots developing 
were measured and were compared with Rf values of known amino 
acids. 
R.f. value = a/b, where a = distance travelled by 
the known sample in cm and b = distance travelled by the 
solvent in cm. 
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2.5.4 Estimation of Phenols 
Phenols were estimated following the method of Biehn 
et al. (1968) using Folin-Giocatteau reagent (Bray and Thrope, 
1954). Polin-Giocatteau reagent was prepared by dissolving 
100 g of sodium tungstate and 25 g of sodium molybdate in 
700 ml of distilled water. To the above solution 50 ml of 
83ft phosphoric acid and 100 ml of concentrated hydrochloric 
acid were added. This was then reflexed for 10 hours. Later, 
150 ml of Lithium sulphate, 60 ml of double distilled water 
and few drops of liquid bromine were added. The mixture was 
then boiled over a free flame for about 15 minutes to remove 
excess bromine and was cooled at room temperature. The 
solution was filtered and imacie to 1000 ml by adding more 
distilled water. Its normality was adjusted to 1-N before use. 
A standared curve of different concentrations of phenol 
was prepared by dissolving 10 mg of paracresol in 100 ml of 
80/^  butanol. One ml of paracresol solution was diluted again 
by adding 10 ml of 80}{ ethanol. Prom this solution, 0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml were transferred 
to test tubes and the volume in each case was'made up\to 1 ml 
by adding „required amount of 80^ ethana. Two drops of concsv^ 'i'^ ^^ -
hydrochloric acid were added and the^^solution was heated 
over flame, avoiding overheating. Thereafter 1 ml of 1-N Folin-
Oiocatteau reagent and 20 ml of A2 of sodium carbonate were 
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added. After 20 minutes the optical density was measured by 
(A. 
using Bausch and Lomb 3pectronic-20-Calorimeter at 660 nm 
against a reagent blank. A s t r a i g h t l i n e cu2rve.obtained by 
p lo t t ing d i f ferent concentration^of paracresol and opt ica l 
d e n s i t i e s , served as standard curve. 
J .^ 
For est imating t o t a l phenols in the sample, 100 mg dr ied, 
powdered sample was heated with 5 ml of 80/ ethanol fo r 15 minutes 
over'^waterbath* a«tdr;^then centrifuged for 5 minutes at 5000 rmp. 
The a lcohol ic ex t rac t was taken out and made uptto 10 ml by 
add i t ion , requ i red amount of 80^ e thanol . To 1 ml of t h i s 
so lu t ion , 1 ml Pol in-Ciocat teau reagent , 2 drops of concentia,ted 
hydrochlor ic acid and 20 ml of 4^ sodium carbonate were added. 
Optical densjity was measured and the concentrat ion of phenols 
was calcula ted Dy comparing with the standard curve. 
2,5.5 Estimation of 0-dihydroxy phenols 
Estimation of 0-dihydroxy phenols was made following 
the method of Johnson and Schal (1954) by using Arnows reagent. 
The following three stock so lu t ions were prepared: 
1. 0. 5-N-hydrochloric acidj 
2. N i t r a t e molybdate reagent:10 g of sodium molybdate W4s 
dissolved in 100 ml of d i s t i l l e d water.* In t h i s so lu t ion 
10 g of sodium n i t r a t e was dissolved? *i 
3. 1-N^50dium hydroxide. 
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For obtaining^standared curve. 10 mg of catechol were 
dissolved in 100 ml of 80^ ethanol. One ml of this solution 
was again diluted by adding 10 ml of 80| ethanol. (Di-^ f-erent/" 
^ amounts -of;^ t^rquote's 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 
' ' ' / 
0.9 and 1.0,ml were taken and the final volume in each case 
was mad-e to 1 ml by adding ^required amount of 80^ ethanol. 
To each /off2rhe\ 1 ml of the aoove solution, 1 ml of 0.5 N HGl 
and 1 ml of molybdate reagent was added. /As-ar-re^ tdit—of—vrtiTCh 
yel-iow-eoleu-s-dfi3celopedy To (thrs'^ellow coloured solution*/; 
1 ml of IN NaOH was added and the volume was made up\to 5 ml 
by adding.required amount of distilled water,which resulted 
in the change of colour to red. This red coloured solution 
was read in Bausch and Lomb Spectronic 20-Calorimeter at 530 nm 
against reagent blank and the optical density was noted. ^Standard 
curve was obtained with the help of catechol. 
For estimation of 0-dihydroxy phenolsylOO mg.dried sample 
of powedered material w^s extracted with 5 ml 80^ boiling ethanol/ 
(andj^entrifuged at 3000 rpm for 15 minutes, and the filtrate was 
collected. The final volume of alcoholic filtrate was adjusted 
to 10 ml by adding required amount of 80^ 1 ,etiianol. One ml of 
each of—ihf sample obtained above was takeii to^5-ml caliberated 
test tube^ to which a reagent (containing 1 ml of 0.5 NHCl + 1 ml 
molybdate nitrate reagent + 1 ml of IK MaOH + water to the final 
volume 5 ijil) was added and the optical density was noted. The 
i - , 
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concentrat ion of t o t a l O-dihydroxyphenols waa calculated by 
compari-«^ vj'ith,standard cnirvre. 
2.5.6 Estimation of Total Carbohydrates 
Total carbohydrates were extracted and estimated by 
the method of Yih and Clark (1965) and Dubois et a l . (1956) 
respect ively . /^ . 
-v I For making,-standard curve 10 mg of glucose Tana la r ) wars 
^•^ d issolved in 100 ml of d i s t i l l e d water'/^md 1 ml of t h i s so lu t ion 
was again d i lu ted to 10 ml by adding;^required amount of d i s -
t i l l e d water. Different amounts v i z . , 0 . 1 , 0.2, 0 . 3 , 0 .4 , 0 .5 , 
0,6, 0 .7 , 0 .8 , 0.9 and 1.0 ml, of t h i s so lu t ion were t rans fe r red 
to t e s t tubes and f i n a l volume of each was made upto 1 ml by 
adding required amount of d i s t i l l e d water. To these so lu t ions 
1 ml of 5% ethanol and 5 ml of concentrated HpSO^ (analar) were 
added. After 10 minutes, the op t ica l densi ty was measured in CA. 
Bousch and Lomb Spectronic 20-Calorimeter at 490 nm as against 
a reagent blank. A graph was plot ted between op t i ca l densi ty 
and di f ferent concentrat ions of glucose which served as s t an -
dard curve. 
A) 
For est imation of t o t a l carbohydrates, 100 mg,dried 
powdered sample v^ as boiled in 5 ml concentrated IN H^SO. for 
30 minutes over waterbath'. ^nilr±aWr-wa^^centrifuged at 1000 rpm 
for 10 minutes. The solut ion was col lected in Iflask and the 
A 
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r e s i d u e was washed twice with d i s t i l l e d wa t e r . This aqueous 
f i l t r a t e was added ^ the f i l t r a t e kept i n f l a s k and volume 
was made up to 100 ml by adding d i s t i l l e d wate r . To 1 ml of 
t h i s s o l u t i o n , 1 ml of 5% ethajiol and 5 ml of concen t ra t ed 
HpSO. was added. O p t i c a l d e n s i t y was measured and v a l u e s of 
t o t a l ca rbohydra te s c a l c u l a t e d from t h e s t andard c u r v e . 
2 .6 RHIZOSPHERE AND RHI^ .OPLANE MYOOFLORA OF DIFFERENT QULTIVARS 
OF (HICE3>EA PLANTS UNINOCULATED AND INOC?ULATED WITH 
/ y - ^ FUSARIUlvi OXYSPORU^ F .SP . QICBRj: 
. y X' Seeds of d i f f e r e n t c u l t i v a r s of chickpea/(vii4.^ JG-62, 
^^[x^ H-208, i3G-309, JG-315, iiG-212 and JG-74)were sown i n s o i l 
^ y 
infested with F. oxysporum f.sp. ciceri. Studies for rhizosphere 
and rhiiioplane mycoflora were made when the plants had attained 
the age of 45 days. Estimation of total free amino acids, 
^s| phenols, 0-dihydroxyphenols and sugars and qualitative detection 
\ji^ -vof amino acids were also made from the roots of inoculated 
^ ? '^j 
\ . :\ p l a n t s of d i f f e r e n t c u l t i v a r s . S i m i l a r s t u d i e s were made from 
, i-^C-'KJif) p l a n t s grown in u n i n o c u l a t e d beds t o seirve as c o n t r o l . 
Vi)^ 2 .7 EFFECT OF AGE OF PLANTS ON RHIZOSPHERE AND RHIZOPLANE 
KYGOFLQKA OF INOCULATED CHICKPEA PLANTS WITH 
l^ XYSPORUM F.SP. CICExlI 
^ \ The seeds of c u l t i v a r JG--62 were sown a f t e r su r f ace 
-'•' ' s t e r i l i z a t i o n with 1:1000 mercur ic c h l o r i d e followed by 
0^^^ 
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\ repeated >*ashings with sterilized distilled water. Beds were 
s>\ "^-i-ncrc{rl;atea"'wi-^h the pathogen F . oxysporum f . s p . c i c e r i , 
Uninocul^ated beds served a s c o n t r o l . Hhizosphere , r h i zop l ane 
and non - rh i zosphe re s o i l mycoflora s t u d i e s were made a t 15-day^ 
i n t e r v a l s frora t h e emergence of seed l ing t o sensescence . Quan-
t i t a t i v e e s t i m a t i o n were made f o r t o t a l f r e e amino a c i d s , 
phenols , 0 -d ihydroxyphenols and sugars from root e x t r a c t of 
i n o c u l a t e d and u n i n o c u l a t e d p l a n t s . 
2 . 8 HHIZOSPHERE AM) RHIZOPLANE MYCOFLORA OF MIUOCULATED M P 
INOCULATED PLANTFf ^WTTH PTT3ARTITM OXYgPQRTTM ? . 3 P . GIGMI) 
OF GHICICPBA CULTIVARS j a - 6 2 AND JG-74 IN RELATION.TO J\ 
V A, 
Fl^.^;' FOLIAR gPRAYS \ « ^ V I > ^ J : 
r^J^r-d 1^ ©ays_old p l a n t s of JG-62 and JG-74 i n o c u l a t e d with 
(^  ^ J F . oxysporum f . s p . c i c e r i were sprayed, with 100 t)pm s o l u t i o n ^ 
"• y of i n d o l e a c i t i c a c i d , i n d o l e b u t y r i c a c i d , t h i o - i n d o l e b u t y r i c 
a c id , male ic h y d r a z i d e , s t r ep tomyc in , u r e a .^ad-muriate of po tash ; 
1500 ppm of b a v i s t i n , v i t a v a x , b r a s s i c o l , b e n l a t e , captan and 
we t t ab l e sulphur^ Be^a«atalJ-^~^Similar sprays were done on 
un inocu la t ed p l a n t s . In o r d e r t o be su re t h a t sprays a r e done 
on f o l i a g e , the surface^was covered with p l a s t i c s h e e t s . P l a n t s 
sprayed with d i s t i l l e d wa te r seirved as contro^^. Subsequent 
sorays were done a t 15 d :^3 i n t e r v a l s from t h e da te of 1 s t 
A 
sp ray ing . Af t e r 14 days of each spray , the r h i z o s p h e r e , 
rh i zop lane and n o n - r h i z o s p h e r e mycoflora were s t u d i e d . 
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2 . 9 RHIZOSPHERE AND RHIZOPLANE MYCOFLQRA OF UNINOCULATED AND 
INOCULATED PLANTS (WITH FUSAKIUM OXYSPORUM F . S P . GIGERI) 
OF.GHIGKPEA GULTIVARS J G - 6 2 AND J G - 7 4 IN RELATION TO 
SOIL AMENDMENTS j5^ W^ '^ 
The soil was amended with urea (11 lb'' per acre), super-
phosphate (20Q.b/per ^^e) ,]];»&riate of potash (70 I b ^ e r acre) 
neem cake, mustaixi cak,e, castor cake (100 O-b/per ^ r e each); 
mahua cake (50 £b/per acre), vitavax (30 kg per hectare), 
bavistin, brassicol, Cbentat^, captan and wettable sulphuaje 
•^  (6 kg per hectare each). After 15 days, saf wai-t^ 4:ag^eeds of 
'' f/ 1JG-26 and JGr-74 were sown. Half of the beds were inoculated 
with F. oxysporum f.sp. ciceri and half were left iidinoculated. 
Uncultivated beds were left for non-rhizosphere studies^ RhizosT)here 
rhizoplane and non-rhizosphere studies were made from inoculated 
and uninoculated plants after 60 days. 
Throughout the studies the petriplates were inoculated 
at 28°G unless stated otherwise. Foiyeach treatment there 
were 2Qv^etrriplates and each treatme/t was replicated thrice. 




CHAPTER - III 
EXPERIMENTAL RESULTS 
5.1 RHIZOSPHERE AND RHIZOPLANE MYCOFLORA OF DIFFERENT CULTIYARS 
OF CHICKPEA INOOULATED WITH FUSARJM QXY3P0RUM g'3P, GICERI 
1 
,/>• In a l l . 55 fungal species were i so la ted from the rhizosphere 
"^ b^f s ix d i f ferent cu l t i va r s of chickpea t e s t ed (Table 4 ) . I t-was 
s, '\/ 28, 30, 29, 27, 28 and 27.^in the rhizosphere of JG-62, H-208, 
/ . r , , AyBG-309, JG-315, BG-212 and JG-74 inoculated with Fusarium 
T-' J iAr ox.yspomim f., sp . c i c e r i . a s against 25, 26, 27, 23, 22 and 26 ^ 
>.J^ / in the uninoculated p l a n t s . Thus in a l l the c u l t i v a r s the 
inoculate_d_]?lants harboured more fungi . In amongst inoculated 
ones highest number of fungi was recorded in H-208 and lowest 
in JG--74 and JG-315, while in uninoculated plants h ighest number 
of fungi was in BG-309 and lowest in BG-212. Aspergi l lus 
fumigatus, A. flavxis. A. n iger . Curvularia luna ta . Pre ch s i era 
hawaiensis and Gladosporium herbarum were recorded from the 
rhizosphere of both inoculated and uninoculated p lants of a l l 
the c u l t i v a r s . However, Rhizopus oryzae, was i so la ted from a l l 
the cu l t i va r s except inoculated plants of JG-74. Rhizopus 
nodosus was recorded in the rhizosphere of H-208, 3G-309, JG-315 
and JG-74, Cunnin^hamella echinulata of JG-62, H-208, 3G-309, 
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and BG-212; Moni l i a humlcola of JG-62, JG-315, BG-212 and 
JG-74; Chaetomium flavum of H-208, BG-309, JG-315 and JG-62; 
A s p e r g i l l u s f u n i c u l o s u s of H-.208, BG-30 and BG-212; A. f l a v i p e s 
of JG-62 and H-208; A. o l ava tu s of BG-309, BG-212 and JG-74; 
Botryotr ichum p i l u l i f e r u m of BG-309, JG-315; V e r t l c i l l i u m 
glauoum of JG-315 and BG-212; Memnoniella e c h i n a t a of JG-309, 
BG-212 and JG-74; A. t e r r e u s of BG-309, JG-315 and JG-7 
Ourvu la r i a g e n i c u l a t a of BG-212; Gliocladium roseum of JG-74; 
P e n i c i l l i u m notatum of H-208, BG-309 and JG-74; Acrophia lophora 
f u s i p o r a of JG-62. Monosporium olivaceum, F . oxysporum f . s p . 
G i c e r i , So le ro t ium r o l f s i i , A l t e r n a r i a a l t e m i a t a and s t e r i l e 
brown mycelium were recorded from t h e rh i zosphe re of i n o c u l a t e d 
p l a n t s of a l l t h e c u l t i v a r s whereas Mucor racemosus was confined 
t o on ly JG-62, H-208, B6-309 and JG-315; Syncephalastrum 
racemosum of JG-62, H-208 and BG-212; Macrophomina p h a s i o l i n a 
of JG-62, BG-309 and JG-315; B o t r y t i s c i n e r e a of JG-62, H-208 
and BG-212; Nematogonium iiamicola of JG-315, A l t e i m a r i a 
f a s i c u l a t a t o H-208, BG-309 and JG-315; M o r t i e r i l l a a l p i n a 
t o JG-62, H-208 and JG-74; and Sepdonium chrysospermum t o 
JG-62, H-208, BG-309, JG-315; Rh izoc ton ia s o l a n i t o JG-62, 
H-208 and BG-212. On t h e o t h e r hand, Memnoniella e c h i n a t a . 
Trichoderma v i r i d a e and Humicola f u s c o t r a were recorded from 
t h e r h i z o s p h e r e of u n i n o c u l a t e d p l a n t s . However, Phoma 
h i h e r n i c a was i s o l a t e d from a l l t h e c u l t i v a r s except j a - 6 2 
whereas A s p e r g i l l u s l u c h u e n s i s was confined to JG-62, H-208 
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and JG-74, A. ochrac lous t o BG-212; A. spa r sus t o JG-74, H-208, 
and BG-309; T o r u l l a a l l i i t o JG-62, H-208, BG-309 and JG-74; 
F . rosium t o JG-31, BG-212; F . monll i formae t o JG-62 and BG-309 
and s t e r i l e b lack mycelium t o JG-62, H-208, BG-309 and JG-74. 
I n amongst d i f f e r e n t fungi i s o l a t e d from t h e r h i z o s p h e r e 
of i n o c u l a t e d p l a n t s , t h e f requency of F . oxysporum f . s p . c i c e r i 
was h i g h e s t i n JG-62 fol lowed by H-208, BG-309, BG-212, JG-315 
and JG-74. A. fumi^.atua, A. f l a v u s , A. n i g e r . M. humicola, 
C. l u n a t a and (/. flavum i n JG-315. M. racemosus, M. p h a s e o l i n a 
A. f l a v i p e s . B. c i n e r i a , A. a l t e i m a t a i n JG-62. S. chrysospermum 
G. herbarum and D. hawa iens i s i n H-208. M. ol ivaceum. C. herbaru 
and D. hawa iens i s i n BG-309. A. n i g e r and D. hawa iens i s i n 
JG-74. The f requency was lowes t f o r A. f l a v u s . A. n i g e r . 
C. e c h i n u l a t a and C. l u n a t a i n JG-62; R. o ryzae . A. fumigatus 
and s t e r i l e brown mycelium i n H-20, R. nodosus . A. fumigatus 
i n BG-309; M. olivaceum and A, a l t e m a t a i n BG-212 and A. n i g e r 
and T. l ignorum i n JG-74. On t h e o t h e r hand, i n r h i z o s p h e r e 
of un inocu la t ed p l a n t s t h e f requency of A. f u n i g a t u s was 
h i g h e s t i n JG-315 and BG-212; A. f l a v u s . G. l u n a t a i n JG-315; 
1' v i r i d a e i n JG-315 and JG-74; C. aspermum. A. t e r r e u s . 
A. luchuens i s . - P . notatum, M. e c h i n a t a and T. a l l i i i n JG-74. 
The f requency of 0. e c h i n u l a t a ^ A. f l a v u s . A. t e r r e u s . 
A. l uchuens i s was lowest i n JG-62; R. o ryzae , A. fumigatus . 
H. f u s c o t r a , M. e c h i n a t a , and G. l u n a t a i n H-208; F . oxysporum. 
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s t e r i l e black mycelium in ±(G-309; C. flavum in JG-315; 
M. humicola and A. humicola in BG-212. 
In a l l 35 fungi were i so la ted from the riiizoplane of 
inoculated and uninoculated p lan t s of s ix d i f fe ren t cu l t i va r s 
of chickpea (Table-5) . Thus the number of fungi was l e s s in 
rhizoplane than in the rhizosphere . The number of fungi was 
more in the rhizoplane of inoculated p lan t s of gill the cu l t i va r s 
than in uninoculated p l a n t s . Highest number of fungi was found 
associated with the rhizoplane of H-208 and JG-62 in inoculated 
and uninoculated p lan t s and lowest of BG—212 and JG-315 in 
uninoculated and inoculated p l a n t s . Aspergi l lus fumigatus. 
A. f lavus . A. n iger . Cladosporiixm herbarum. Drechslera 
hawaiensis and Curvularia luna ta were i so la ted from the 
rhizoplane of both inoculated and uninoculated plants of a l l 
the c u l t i v a r s . However, Ounninghamella echinula ta was reported 
from riiizoplane of JG-62, H-208, BG-309 and BG-212; Rhizopus 
nodosus of H-208, BG-309, JG-315 and JG-74; R. oryzae of JG-62, 
H-208, BG-309, JG-315 and BG-212; Chaetomium flavum of JG-62, 
H-208, BG-309 and JG-315; Monilia humicola of JG-315 and BG-212; 
Gliocladium roseum of JG-74; Memnoniella echinata of BG-309 and 
BG-212; Aspergil lus clavatus of B6-212 and JG-74; A. f lavipes 
of JG-62 find H-208 and Acrophialophora fusipora of JG-62. 
Monosporium olivaceiim, A l t e m a r i a a l t e r n a t a . Pusarium oxysporum 
f . s p . c i ce r i and Sclerotium r o l f s i i were i so la ted from the 
rhizoplane of inoculated p lan ts of a l l the d i f fe ren t cu l t i va r s 
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whereas Mucor racemosua from a l l the c u l t i v a r s except BG-212; 
Aspergi l lus candldus from H-208, BG-309 and BG-212, M o r t l e r i l l a 
a lp ina from JG-62, H-208 and JG-74; Bot ry t i s c inerea from JG-62 
and H-208; Sepdonium chrysospermiim from H~208, BG-309, JG-315 
and JG-74; Rhizoctonia so lan i from JG-62 and H-208. On the 
other hand 4. te r reug and s t e r i l e black myceliixm were recorded 
from the rhizoplane of inoculated p lan t s of a l l the c u l t i v a r s 
whereas Torulla a l l i i t o H-208 and BG-309; Humicola fuscot ra 
to JG-62, BG-212, JG-315 and JG-74; Aspergi l lus luchuensis to 
JG-62 and H-208. 
The frequency of F. oxysporum f . s p . c i c e r i was highest in 
the rhizoplane of inoculated p lan t s of a l l the c u l t i v a r s except 
JG-315, BG-212 and JG-74 where the frequency of A. f lavus and 
A. funigatus was h ighes t . The frequency of A. f lavus was highest 
i n a l l the cu l t i va r s of uninoculated p l a n t s . On the other hand, 
the frequency was lowest for M. olivaceum in JG-62; R. oryzae. 
R. nodosus. M. racemosus and ^ , r o l f s i i i n H-208; M. echinata 
in BG-309; R. nodosus. 0. flavum and S. chrysospermum in JG-315; 
S. chrysospermum in BG-212 and R. nodosus. M. racemosus. 
M« a lp ina . A. a l t e m a t a. 3, r o l f s i i and T. v i r idae in JG-74 
inoculated p l an t s . In uninoculated p lan t s the lowest frequency 
was tha t of C. echinulata in JG-62; A. t e r r e u s and A. f lav ipes 
in H-208, G. luna ta in i3G-309; and JG-315, M. humicola and 
G. herbarum in BG-212 and D. hawaiensis and H. fuscot ra in JG-74. 
^^  
^ . • 
V 
^>. "^ yr'^ The populat ion of fungi was h ighest i n cv. H-208 both 
•^  •'^ v^' i n inoculated and uninoculated p lants (Table - 1 ) . I t was 
/' •'' . p J 185000 in inoculated as against 125000 in uninoculated p lants 
^jJ"\P thus i n d i c a t i n g more population of fungi i n rhizosphere of 
V- J- inoculated p l a n t s . 
-'. J There wSs d i f f erence i n the amino acid, phenol, 0-dihydro-
> / 
-^' 0 xyphenole and sugar contents of d i f f e r e n t c u l t i v a r s (Table -2 ) . 
r / . 
/ ' \ '-_^/The concentrat ion of f r ee amino acids was h ighest i n cv. JQ-IA 
•>•' ^j y [ 
^^ •^ '''vp ^hoth i n inoculated and uninoculated p l a n t s . However sugar 
*"" > -> X? s':^  /content was h ighes t i n cv. JG-62 in both inoculated and 
> '^' I 
^ \uninoculated p l a n t s . Amongst the two, the concentrat ion was 
h ighes t in inocxilated p lants root exudates . 
Di f ferent c u l t i v a r s of chickpea a lso exh ib i ted q u a l i t a t i v e 
, /" d i f f erences i n the amino ac ids (Table-3) . The number of amino 
•^ ac ids was h ighest i n H~208, BG-309 and lowest i n JG-74 and 
'a 
,jV,/^ BG-212. Alanine, Aspart ic ac id Glutamic acid and Glycine were 
> 
J detected i n the root ex tract of a l l the c u l t i v a r s ; Asparagine, 
Lysine aD.d H i s t i d i n e i n JG-62, H-208, JG-309 and iiG-212, Serine 
i n H-208, BG-309, JG-315, BG-212 and JG-74; Tryptophane and 
Val ine in JG-62, H-208 and JG-309, Tyrosine i n JG-315, BG-212 
and JG-74 and Lucine i n JG-315* Pheny la lan ine i n JG-62, 
H-208, BG-309, BG-212 and JG-74 and oyteine i n BG-212 and , 
JG-74. The s u s c e p t i b l e c u l t i v a r s has h i g h e r number of f r e e 
amino a c i d s t h a n r e s i s t a n t c u l t i v a r s . 
Plff. 1. Population of fun^i in the rhizosphere^of 
uninoculated and inoculated (with Fusarium 
oxysporum f . s p . ciceri) plants of different 
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TABLE - 1: Population of fungi (per gram of soil) in different 
chickpea cultivars uninoculated and those inoculated 
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r/lBLE - 4: frequancy (-"i rc in t iif!<') 01' i'un/;l in tho rhl7.03pher8 of illfCeront chickpea c u i t i v a r a 'i-nii' 
those inocul/i ted v^tth ^'uoariuni oxyaporum f, ap . c l c e r i 
Fungi I s o l a t e d 
CULTIIASS 




Cunnlnghamella v e r t i o l l l a t a e 
C. e c h i n u l a t a 
Mucor racemosua 
M. globoaua 
H o r t i e r i l l a a.lpina 
Monillft huniciOla 
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A> c l a v a t u e 
A. oqhrageoiia 
P e n i c i l l i u m notatum ' 
G l i o c l a d l u m roaeum 
Monosporiun: o l i v a c e u m 
B o t r y t i s c i n e r e a 
T o r u l l a a l J i i 
SepdoniuiD chrysospennum 
B o t r v o t r i c h u m D u l l u l i f e n u n 
V e i r t i c i l l i ^ u n fflaucum 
Cladogporium herbarum 
Humico la f u s c o t r a 
M e m n o n i e l l i e c h n i d a t a 
D r e c h s l e r a h a w a i e n a i s 
D. nodosua 
A l t e i m a r i a a i t e m a t a 
A. h u m l c o l a 
A. f u s l c u l a t a 
C u r v u l a r i a Ltmata 
0 . fi^BiilUjia 
i-'usarium roseum 
P. m o n i l i i o r m a e 
F. OKyspojnjm 
P. oxvaporujn f . s p . c i c e r i * 
kcror>h la IoohOTa f u a i p o r a 
T r i c h o d e r a a v i r i d a e 
"T. l i ^ n o r i m 
\"Tnto;^onluEii h u r a i c o l a 
.!.'•''L - o c t o n i a 3 o l ; i n i 
^c lerot iLJTs r o l f a l l 
J ruwn i t e r i l e rayceiiam 
lili-^rf: j t t - i i L e rayceiiam 
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3.2 EFgEUT OF AGE OP O'HIOKPEA QULTIVAR JG-62 ON THE RHIzOSPHERE 
MYOOPLORA INOCULATED WITH PUSAHIUM OXYSPORUM P.3P. (JICSRI 
Out of 45 fungal species isolated, the number of fungi 
from rhizosphere of inoculated plants was 34 as against 24 and 
30 from non-rhizosphere zone and the rhizosphere of uninoculated 
plants respectively (Taole-8). As a result of inoculated, 
differences were observed in the rhizosphere mycoflora Mucor 
racemosus, Cunninfihamella echinulata, Mortierilla alpina 
Macrophomina phasiolina. Syncephalastmim racemosum, Asper^^illus 
candidus, .botrytis cinerea, Monosporium olivaceum, Shizoctonia 
solani and sterile bronw mycelium were confined to the rhizosphere 
of inoculated plants in addition to gusarium oxysporum f.sp. 
ciceri with which the plants were inoculated and Aspergillus 
terreus, Botryotrichum pilulifeinim and sterile black mycelium 
in the rhizosphere of uninoculated plants whereas Geotrichum 
candidum, Aspergillus konin^i and sterile white mycelium in the 
non-rhizosphere area. 
The number of fungi in the rhizosphere of Doth inoculated 
and uninoculated plants increased with the increase in the age 
of plants upto 60 days followed by a decline with more fungi in 
inoculated plants (Table-3). Aspergillus fumigatus, A. flavus. 
A. niger, Monilia humicola and Gladosporium herbarum were 
recorded throughout the growth period in the rhiz,osphere cf 
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both inoculated and uninoculated plants. Aspergillus 
funiculosus, Fusarium oxysporum and Trichoderma viridae were 
isolated in the early part of growth period, Aspergillus 
sparsua. Rhizopus oryzae. Acrophialophora fusipora and 
Alt e mar la alt e mat a from early to intermediate growth period; 
Gephalosporiam aspermtun. Aspergillus okazakii, A. flavipes 
and Trichosporlum fuscum during intermediate growth stage; 
Ghaetomium flavum. Drechslera hawaiensis. Curvularia lunata 
from inteimediate to later part of growth period and 
A. funiculosus and Spicaria silvatica in the later part of 
growth period, from rhizosphere of both inoculated and uninocu-
lated plants. In the rhizosphere of inoculated plants Mucor 
racemosus, G* echinulata. A. flavipes, Mortierilla alpina 
P. oxysporum f.sp. ciceri, A. altemata and sterile brown 
mycelium were recorded throughout the growth period; P. 
lilacinum in the early growth period; A. candidus, S. racemosum 
from early to intermediate growth stages; J^. cinerea during 
intermediate growth stage; M. phasiolina. S. rolfsii and 3. 
chrysospermum from intermediate to later part of the growth 
period and R. solani in later part of growth period, while from 
the rhizosphere of uninoculated plants A. luchuensis, T. allii, 
M. echinata and sterile olack mycelium at all the intervals 
of growth period; n. pilulifemim in the early part; Fusarium 
moniliformae during intermediate and A. terreus, and Humicola 
fuscotra from intermediate to later part of growth period. 
- 59 -
There was increase in frequency of most of the fungi 
in the rhizosphere of Doth inoculated and uninoculated plants 
with the increase in age upto a certain period followed by a 
decline. In some cases there was again an increase. However, 
in the non-rhizosphere no definite pattern of frequency of 
different fungi was observed. In the rhizosphere of inoculated 
plants frequency of certain fungi exhibited a decline with 
increase in age of plants. These fungi include R. oryzae. 
A. flavus, ii. niger and D. hawaiensis. Frequency of P. oxysporum 
f.sp. ciceri in the rhizosphere of inoculated plants increased 
with the increase in age of plant upto 75 days then slightly 
decreased with onset of senescence. In the rhizosphere of 
inoculated plants, the frequency of most of the saprophytic 
fungi decreased with the increase in age of plant, however 
the reverse was tmie with the parasitic fungi. The frequency 
of saprophytic fungi was higher in the rhizosphere of uninocu-
lated plants while that of parasitic fungi in the rhizosphere 
of inoculated plants. 
The number of fungi on the rhizoplane of chickpea plants 
inoculated and uninoculated was slightly less than corresponding 
rhizosphere and it was 27 and 24 fungal species respectively 
(Table-9). The number of fungi in the rhizoplane also increased 
with the increase in age of plant upto a stage after which there 
was a decrease. Not all fungi were isolated fron rhizoplane at 
- 60 
all the stages of plant growth. Aspergillus funigatus. 
A. flavus. A. niger and uladosporium harbarum were recorded 
in the rhizoplane of Doth inoculated and uninoculated plants 
at all the stages of the growth of plant. However, other 
fungi were present at certain stages of plant growth only. 
Mucor racemosus. Gunninghamella echinulata, Aspergillus 
funiculasus. Alternaria altemata and Acrophialophora fusipora 
were isolated from early part of growth of plant Rhizopus 
oryzae. Aspergillus sparsus from early to middle age Sclerotium 
rolfsii in the middle age; Curvularia lunata, Drechslera 
hawaiensis and Aspergillus ochroaceous from middle to last 
stages of plant growth in the rhizoplane of both inoculated 
and uninoculated plants. However, in the rhizoplane of 
inoculated plants Monosporium olivaceum. Macrophomina phasiolina 
and Fusarium oxysporum f.sp. ciceri at all stages of plant growth; 
jjotrytis cinerea. Mucor racemosus in the middle age of growth of 
plant and Alternaria altemata. Rhizoctonia solani and Sclerotium 
rolfsii in the last phases of growth of plant. In the rhizoplane 
of uninoculated plants Memnoniella echinata. Aspergillus 
luchuensis. sterile black mycelium were recorded at all the 
stages of growth of plant; Aspergillus terreus. Humicola 
fuscotra, Trichodeima viridae and Qephalosporium aspermum 
from middle to last phases of growth of plant and R. oryzae 
and A. funiculosus. In the later stages of plant growth, 
M. aloina, M. phasiolina. a_. cinerea. M. olivaceum. R. solani 
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and sterile brown mycelium were exclusively present in the 
rhizoplane of inoculated plants and A. luchuensis. 4* terreus 
Jj'usarium oxyspoirum, M. echinata. Cephalosporium aspermum 
H. fuscotra and sterile black mycelium in that of uninoculated 
plants onl.y. 
For most of the fungi, the frequency increased with 
increase in age of plants upto 60 days followed by a decline. 
However, in the liiizoplane of uninoculated plants the frequency 
of A. flavxis increased upto senescence. In the rhizoplane of 
inoculated plants certain fungi such as A. fumigatus. A.flavus 
and A. niger exhibited a decline with increase in age of plants. 
The frequency of F. oxysporum f.sp. ciceri in the rhizoplane of 
inoculated plants increased with increase in age of plants upto 
7'3 and then remaine constant. In the rhizoplane of inoculated 
plants, the frequency of most of the saprophytic forms decreased 
with the increase in age of the plant however, the reverse was 
true with the parasitic fungi. 
The population of fungi in the rhizosphere of inoculated 
and uninoculated plants also increased in age of plant upto 75 
0 
days follwed by decline (Table-6). In inoculated plants, 
however, there was again an increase at 120-dayg-old plants. 
The population of fungi was high in the rhizosphere of inocu-
lated nlants as compared to uninoculated ones. 
- 62 -
When compared with non rhizosphei« mycoflora the R:3 
ratio increased with increase in the age of plant upto 90 
days in inoculated plants as against 75 days in uninoculated 
plants (Table-6). However, highest B.:B ratio in inoculated 
plants was at 120 days old. Thus the inoculated plants provide 
more favourable environment for the rhizosphere fungi. 
Quantitative analysis of the root extracts indicated 
that the concentration of free amino acids (Mg/lOO mg of dry 
sample) varied at different stages of plant growth (Table- 7). 
It also exhibited an increase upto certain stage of plant growth 
0 
follwed by decline in ooth root extracts of inoculated and 
uninoculated plants. A similar trend was observed with total 
phenols, 0-dihydroxyphenols and sugar contents in the root^ s' 
extract^ of both inoculated and uninoculated plants. The 
concentration of free amino acids, phenols, 0-dihydroxyphenols 
and sugars was high in the roots of inoculated plants as 
compared to uninoculated ones. 
PIG. 2. Population of fungi in the non-rhizosphere, 
rhizosphere of uninoculated and inoculated 
plants of diickpea (with Pusarium oxyspoinam 
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I;yiLli - 8 r r t , n nc ( i. 
v . l tn / 
i u n g i i s o l a t e d 
Khizopus oryzie 
Mucor racemosus 
Cunnln^^haroella ecf inu la t i 
M o r t i e r i l i a alpinn 
Geotrichutn candl i t r 
Moni l ia humicola 
Cephalosporium as J 
ChaetomiuEQ flavum 
Macrophofalna phao Li 
ABpersi l lus fumi^  
A. f l avus 
A. ni^^er 
A. funiculosua 




A. f l av ipes 
^ ^parsus 
{L. t o n i n ^ i 
PenlciHimo 111 i 
B o t r y t i s ciner"-! 
T o r u l l a a l l i i 
Monosporium olivaceam 
Sepdonium chrysospercj- ' 
Botrvotriohum p j l l u - erani 
Cladosporium Terbarum 





Drechs le ra hawaiensls 
CurvTilaria l una t a 
A l t e m a r i a a l t e n i . t a 
Pusariuni Qoni l l orm le 
F. oxysporum 
P. ox.ysporum f sp cl er , 
AeroPhialophor'^ " ^ '^^'•n 
•"^richoderrna / i r i ^ c 
Rh i soc ton i a so ia ' - i 
S'-ic^'otium 0 L 
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TABLB - 9i Proquency (percentage) ot fun^l In the rhlzoplane of chickpea plants { cul t ivar JO-6?) nnlnoculatea and those 
Inoculated with Fusarlum oxysporun f .sp. clcert at varying age 






































































































































































































































































































































































































































































































































































































IP > Inocrolatsd plants , UP - Unlnocul&tsd plants. 
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3.3 RlilZOSPHERE AMD RHIZQPLANE MYQOFLORA OF CHIGKPflA PLANTS 
(CULTIVAR JG-62 AND JG-74) INOCULATED WITH gliaAaXLIM 
-'"] Q^12?Smm y.SP.iJjLiEHI IN RELATION TO FOLIARY SPRAY iv^ 
J^l 
V- o>f(a) Grrowi;h Regu la to r ; 
'-••^\' A , ' Ressults piresented in Tables 12 and 16 show that as a 
^.V^^\xv/^^ssult of spray, of plants with growth promoting substances, 
L j-j^:- ^ yhe number of fungi in the rhizosphere increased with the 
,jy.l.\'^\^j^crease the number of sprays. The number of fungi in the 
•rV'Sii *v v^i^osphere was also more in those inoculated with F. oxysporum 
- .5 f.sp. ciceri. In amongst the two varieties tested the highest 
• i^ ' : . * 
number of fungi was reported from the rhiz,osphere of JG~62 both 
in inoculated and those uninoculated. When sprayed with indole 
acetic acid, the number of fungi in J&-62 was 20, 26, 29 in 
inoculated as against 19, 25, 27 in uninoculated after respec-
tive sprays; with indole butyric acid 21, 26, 29 in inoculated 
as against 21, 24, 27 in uninoculated with thio indole butyric 
acid 19, 27, 29 in inoculated as against 19, 26, 28 in unino-
culated; with gibberellic acid 19, 26, 29 in inoculated as 
against 20, 24, 27 in uninoculated, and with maleic hydra^ iide 
18, 24, 26 in inoculated as against 17, 23, 26 in uninoculated 
plants in respective sprays. The number of fungi as a result 
of spray with water as a control was 19, 26, 29 in inoculated 
as against 19, 24, 27 in uninoculated plants. With JG-74, the 
corresponding values were 22, 28, 28 in inoculated as against 
- 64 
22, 26, 27 in uninoculated when sprayed with indole acetic 
acid 21, 27, 28 as against 21, 25, 23 with indole butyric 
acid, 21, 28, 28 as against 21, 26, 27 with thio-indole 
Dutyric acid, 22, 28, 28 as against 21, 26, 27 with gibberellic 
acid, and 21, 26, 25 as against 18, 25, 27 with maleic hydraiiide 
while the numoer of fungi in the rhiiiosphere of plants sprayed 
with water as control was 21, 26, 28 as against 19, 25, 27 in 
uninoculated plants. A similar trend was observed in the 
increase in the numoer of fungi with numoer of sprays was 
obtained Ln the rhizoplane with more numuer of fungi in those 
inoculated with F. oxysporam f.sp. ciceri (Tables, 14 and 18). 
In amongst the two cultivars tested, number of fungi was more 
in the rhizoplane of the JGr-62 both in inoculated and uninocu-
lated plants. When sprayed with indole acetic acid, the number 
of fungi was 17, 20, 23 in the rhizoplane of inoculated plants 
of JG-62 as against 16, 19, 20 in respective sprays in unino-
culated, with indole butyric acid 17, 21, 23 in inoculated 
as against 15, 19, 20 in uninoculated plants; with thio indole 
butyric acid 17, 20, 23 in inoculated as against 15, 19, 20 
in uninoculated plants, with gibberellic acid 17, 20, 23 in 
inoculated as against 15, 19, 20 in uninoculated plants, and 
with maleic hydraiiide 15, 18, 21 in inoculated as against 
15, 19, 17 in uninoculated with respective sprays. With water 
as control, the number was 15, 20, 23 in inoculated as against 
15, 19, 20 in uninoculated plants. V/ith cv. J'G--74 the corres-
65 
ponding values were 15, 19, 20 as against 14, 18, 19 when 
sprayed with indole butyric acid; 15, 19, 20 as against 
14, 18, 19 with indole butyric acid 15, 19, 20 as against 
14, 18, 19 with thio-indole butyric acid; 15, 19, 20 as 
against 14, 18, 19 with gibberellic acid; and 14, 17, 19 as 
a against 14, 18, 18 with maleic hydrazide. The number of 
fungi was 15, 18, 20 as against 14, 18, 19 after respective 
sprays with water. The number of fungi was less in rhizoplane 
as compared to rhizosphere. It appears there has not been 
material effect on the number of fungi both in rhizosphere 
and rhizoplane as a result of sprays with different growth 
promoting substances. By and large the population of fungi 
in the rhizosphere increased due to sprays with growth 
promoting substances and highest increase was observed when 
sprayed with indole acetic acid in inoculated plants (Table 10 
and 11). In uninociilated as compared to inoculated ones there 
was less increase when compared with plants sprayed with water. 
In general there was increase in the frequency as a 
result of sprays with growth promoting substances in the 
rhizosphere of J(T~62 inoculated plants (Table 12 and 16) with 
spray of indole acetic acid highest increase in frequency of 
fungi was that of MacroPhomina phaseolina followed by 
MonosTDorium olivaceum, Cladosporium heroarum, Fusariixr^  
oxysporium f.sr). ciceri, Aspergillus flavipes and Alternaria 
66 
alternata. However, in uninoculated plants the highest 
increase in the frequency was that of Qephalosporium aspermum, 
followed by Asper/^ illus n±^^e_r, Spicaria silvatica. Rhizopus 
oryzae aad Monilia humicola with indole outyric acid highest 
increase in frequency of fungi was that of M. phaseolina 
followed by F. oxysporium f.sp. ciceri. Sclerotium rolfsii 
R. oryzae. Mortierilla alpina. Syncephalastrum racemosum. 
Aspergillus fumigatus, A. flavus in inoculated and that of 
Chaetomiixm flavxim followed by Gurvularia lunata. Fusarium 
monilif0]:mae and sterile black mycelium in uninoculated plants 
with thio indole butyric acid, R. ory2:,ae followed by 
A. alternata. F. oxysporum f.sp. ciceri. sterile Drown mycelium 
Rhizoctonia solani, £. lunata and M. olivacium in inoculated 
that of C^. flavum followed by Aspergillus sparsus. A. flavipes. 
Humicola fuscotra. Gurvularia geniculata and R. oryzae in 
uninoculated plants; with gibberllic acid F. oxysporum f.sp. 
ciceri followed by Mucor racemosus. 3. rolfsii. A. flavipes, 
0. lunata. U. heroarum. 3. racemosum and sterile brown mycelium 
in inoculated that of R. oiryzae followed by A. fumigatus, 
4* flavus. A. terreus, A. luchuensis. G. heruarum, H. fuscotra, 
Memnoniella echinata. Drechslera hawaiensis and G. lunata 
in uninoculated plants; with maleic hydrazide the frequency 
of most of the fungi decreased, the frequency of M. racemosus 
decreased highest followed by G. herbanim, Aon'-^ rgillus soarsus 
A. flavipes, A. candidus. (J. aspermum, C. fla_vum_, A. alternata. 
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and F. oxysporam f, ciceri inoculated that of A. fumi^atus 
followed by A. flavipes. A. flavxis, Acrophialophora fusipora 
in uninoculated plants, with an other variety JG-74 highest 
increase in the frequency was that of Mortierilla alpina 
followed by A. flavus. A. oandidus, ?enicillium notatum. 
3.' rolfsii. T_. viridae and sterile brown mycelium when sprayed 
with indole acetic in inoculated that of £. aspermum followed 
^y Gliocladium roseum, Phoma hibemica. 0_. heroarum and 
Trichoderraa li^norum in uninoculated plants; with indole 
butyric acid highest increase in the frequency was that of 
Aspergillus clavatus followed by A. flavus., A. flavipes 
sterile brown mycelium and Mortierilla alpina in inoculated 
that of A. humicola followed by A. fumigatus. A. niger, 
T_. viridae. H. fuscotra and sterile black mycelium in unino-
culated plants; with thio indole butyric acid R, nodosus 
followed 'bj A. flavus, A. fumigatus, A. niger. M. olivacium 
A. alternata. ^. rolfsii and sterile Drown mycelium in 
inoculated that of A. fumigatus followed by A. flavus, 
P. notatum, G. ' rosim K. fuscotra, P. hibernica and 
T_. viridae and sterile black mycelium in uninoculated plants; 
with gibberellic acid M. globosus follwed by A. candidus, 
A. flavus, A. fumigatus. A. alternata, T_. viridae, S. rolf sii 
and sterile brown mycelium in inociilated that of P. hibernica 
followed by A. clavatus, A. terreuG, H. fuscotra, M. echinata, 
J_. lunata, A. humicola and sterile bla?k myceliun in 
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uninoculated plants. ant with raaleic hydrazide the frequency 
of M. racemosus. Ao terreus and G. herbanxm decreased most in 
inoculated that of P. hibernica. H. fuscotra and T. 11^norum 
in uninoculated plants. 
In the rhizoplane of JG-62, as a result of spray with 
indole acetic acid highest increase in the frequency was that 
of £. echinulata followed by F. oxysporum f.sp. ciceri, 
A. funi,g!atu3. A. flavipes. A. candidus. A, sparsus. a_. cinerea. 
^' solani, A. fusipora, D. havfaiensis and sterile brown 
mycelium in inoculated and that of R. oryzae followed oy 
_C. aspermum. A. fumigatus. A. flavus, A. niger. A. terreus, 
A. luchuensis. A. flavipes. T. viridae, A. alternata and 
sterile black mycelium in uninoculated plants; with indole 
butyric acid highest increase in the frequency was that of 
R. oryzae followed by 0. echinulata. M. phaseolina. P. oxyspoirum 
f.sp. ciceri, A. fumigatus. A. flavus, c;. lunata and sterile 
brown mycelium in inoculated and that of A. fumigatus followed 
by C. herbarum, M. echinata. R. fuscotra, 0. flavum, T. viridae, 
D. hawaiensis, U. lunata and sterile black mycelium in uninocu-
lated plants; with thio indole butyric acid R. oryzae followed 
by A. alternata, 3_. rolfsii, A. fusiioora. A. fumigatus, 
4* fla^ ^^ s and sterile brovm mycelium, M. phaseolina, ti_. cinerea, 
C. lunata and F. oxysoor-am f.sp. ciceri in inoculated and that 
01 A. fumigatus fol'lov;ei by H. fuscotra, (J. asoermum, 
D. hawaiensis, G. lunata, K. echinata, C. herbarum, T. viridae 
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and A. flavus in uninoculated plants, with gibberellic acid 
M. phaseplina followed by M. alpina, R. solani. D. hawaiensls. 
A. alternata, CJ. lunata. P. oxysporum f.sp. ciceri. A. fumi^atus 
A' flavus and sterile brown mycelium in inoculated and that of 
A. nifier followed by A. alternata. £. lunata, M. echinata. 
_G. herbarum. T^. viridae. 0. aspermum, A. fumi^atus and 
A. flavus in uninoculated plants, tint with maleic hydrazide 
frequency of A. ni,^ er decrease highest followed by M. phaseolina. 
S« rolfsii, R. solani, M. racemosus, jj_. flavum, 0. echinulata. 
£. herbarum, M. olivaceum, A. alternata and P. oxysporum f.sp. 
ciceri in inoculated and that of A. flavipes followed by 
Q. lunata, D. hawaiensis, A. alternata, A. fumigatus. A. 
luchuensis, A. sparsus, G, herbarum and sterile black mycelium 
in uninoculated plants (Table 14). 
With an other variety JGr-74, as a result of spray with 
indole acetic acid highest increase in the frequency was that 
of 3. rolfsii follovred by R. nodosus, M. globosus, U. echinulata, 
A. niger, F. oxysporum f.sp. ciceri, ij. heroarum and sterile 
brown mycelium in inoculated and that of A. f urn i,-? at us followed 
by A. niger, A. flayu_s, 0. aspermum, T. viridae. A. humicola, 
D. hawaiensis, ^. lunata, A. sparsus, A. terreus, A. clavatus. 
H' echinata and sterile black mycelium in uninoculated plants; 
with indole butyric acid M. alpina followed tiy R. nodosus, 
U* gl.op.0 3as, A. fumigatus, A. niger, F. o-^ y_s.porum i.op. ciceri, 
2- nav/\itfnol3. .(]_. herbarum. and sterile bronw .iiycelium in 
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inoculated and tha t of A. funiiitxatus followed by A. niif^er. 
A. sparsus. H. fuscotra , R. oryzae, G. aspermum, M. echinata, 
D. hawaiensls, G. roseum, T. v i r ldae and s t e r i l e black 
mycelium in uninoculated p lants ; with th io - indo le butyr ic 
acid A. fumi^atus followed by R. nodosus, ^ . v i r i d a e . 
M. olivaceuffl, C. luna ta . D. hawaiensls. M. ^lobosus. 
A. lumi^atus, A. niger, G. heroarum, F. oxysporum f . s p . c i c e r i 
and s t e r i l e Drown mycelium in inoculated p lan t s and tha t of 
A. fumi^atus followed by A. ni^er, A. f l avus , (/. herbarum. 
T. v i r i d a e . G. luna ta . H. fuscotra . R. oryzae and s t e r i l e 
black mycelium in uninoculated p lan ts ; with g iDbere l l i c acid 
R, nodosus followed by M, ^looosus. A. fumi^atus. (J. echinula ta . 
A' f l av ipes . u. heroarum. 0. lunata . T. v i r i d a e . P. oxysporum 
f . s p . c i c e r i and s t e r i l e brown mycelium in inoculated and tha t 
of R. oryzae followed by A. f lavus . A. lumi^atus , A. sparsus, 
A. c lava tus . A. t e r r e u s . iJ. aspermum. G. herbarum. M. echinata, 
!L' v i r i d a e . H. fuscotra. D. hawaiensls and s t e r i l e black 
mycelium in uninoculated p l an t s . On the other hand, with 
maleic hydrazide the frequency of most of the fungi decreased 
and the highest decrease in the frequency was tha t of A. 
_alternata followed by 3_. r o l f s i i , R. nodosus, _C. echinula ta . 
M. globosas, A. flaviDes. 0. lunata . ^ . oxysporum f . s p . c i c e r i 
and s t e r i l e orown mycelium in inoculated and that of R. nodosus 
lollowed by A . t e r r e u s , a* fuscotra, R. oryzae. A. fumigatus, 
A. c lavatus , jj. herbarum, E. echinata, D. hawaiensls. 
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G. lunata, T. viridae and sterile black mycelium in uninocu-
lated plants (Table 18). Sprays with growth promoting 
substances resulted in the increase in the frequency of most 
of the fungi. 
Fertilizers; 
Results presented in Taules 12 and 16 also show that 
as a result of spray of plants with fertilizers, the number 
of fungi in the rhizosphere increased with the increase in 
the number of sprays and the number of fungi in the rhizosphere 
was also more in those inoculated plants. In amonst the two 
varieties tested, the highest number of fungi was found in 
the rhizosphere of J(T-62 ooth in inoculated and those unino-
culated. IVhen sprayed with urea, the number of fungi in the 
rhizosphere of JGr-62 vms 21, 28, 50 in inoculated as against 
20, 25, 27 in uninoculated plants after respective sprays; 
with muriate of potash 19, 25, 29 in inoculated as against 
18, 24, 26 in uninoculated plants. The number of fungi in 
the rhizosphere of those sprayed with water as control were 
19, 26, 29 in inoculated as against 19, 24, 27 in uninoculated 
plants. With JG--74, the corresponding values were 23, 27, 29 
in inoculated as against 20, 26, 27 in uninoculated plants 
when sprayed with urea and 22, 26, 28 in inoculated as against 
19, 25, 27 in uninoculated plants with potash. The number of 
fungi in the rhizosphere of plants sprayed with water as 
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control was 21, 26, 28 in inoculated as against 19, 25, 27 
in uninoculated plants. 
Results with rhizoplane fungi also exhibited a similar 
trend (Table 14 and 18). In amongst the two cultivars tested 
number of fungi was more in rhizoplane of variety JG-62 both 
in inoculated and uninoculated plants. In rhizoplane of 
inoculated plants of JG--62, when sprayed with urea, the 
number of fungi was 17, 21, 24 in inoculated as against 
15, 19, 20 in respective sprays in uninoculated plants and 
with muriate of potash 17, 21, 23 in inoculated as gainst 
13, 19, 20 in uninoculated plants. The number of fungi was 
15, 20, 23 in inoculated as against 15, 19, 20 in uninoculated 
plants when sprayed with water. With cv. JG—74 the correspon-
ding values were 15, 18, 20 in inoc\ilated as against 14, 18, 19 
in uninoculated plants when sprayed with urea and 15, 17, 20 
in inoculated as against 14, 18, 18 in uninoculated plants 
with Muriate of potash. The number of fungi was 15, 18, 20 
in inoculated as against 14, 18, 19 in uninoculated plants 
when sprayed with water as control. However, the number of 
fungi was less in rhizoplane as compared to rhizosT)here. 
The population of fungi in the rhizosphere of both the 
varieties increased due to spray with urea however with muriate 
of potash, there was a decrease in the rhizosphere of JG-62 
(Tables 10 and 11). However, the increase was more in inoculated 
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ones as compared to uninoculated ones. 
Frequency of fungi in general showed an increase as a 
result of spray with urea. The frequency of sterile brown 
mycelium was highest in the rhizosphere of inoculated plants 
of JG-62 followed by Rhizopus oryzae, Monosporium olivacium. 
•Botrytis cinerea. Spicaria silvatica and Fusarium oxysporum 
f.sp. ciceri that of R. pryzae, followed by Ghaetomium 
flavum. 3. silvatica. Memnoniella echinata. Fusarium 
moniliformae and sterile black mycelium in uninoculated; 
with muriate of potash, R. oryzae followed by Aspergillus 
fumigatus, A. flavus. A. niger. in inoculated plants as 
against Trichoderma viridae followed by sterile black mycelium, 
M. echinata. Aspergillus terreus. A. sparsus and R. oryzae in 
uninoculated plants (Table 12). In the rhizosphere of another 
variety JG-74, the highest increase in the frequency was that 
of T_. viridae followed by sterile orovm mycelium, A. flavus. 
A. niger, A. flavipes. M. echinata, Rhizopus nodosus. Phoma 
hibernica, G-liocladium roseum, Penicillium notatum, Alternata 
alternaria and F. oxysporum f.sp. ciceri when sprayed vfith 
urea in inoculated and that of Cephalosphorium aspermum 
followed by A. fumigatus. A niger. A. flavus, A. terreus 
A. clavatus. F. moniliformae, Rhizopus nodosus, T. viridae. 
H. echinata. Uladosporiur. herparam, Alternaria humicola, 
G_. roseum and P. notatura in uninoculated plants; vrit-: :]:'iri--.zo 
of potash highest increa3e in the frequency wa^ . X,\Y\Z or stierile 
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brown mycelium followed by M. ecliinata. T_. viridae. A. clavatus, 
4* ni^er. A. flavus, A. fumi^ ratus and R. nodosu.s in inoculated 
and that of sterile black mycleium followed by R. nodosus, 
T. viridae, A. clavatus, A. ni^ e_r, A. fumipatus, A. terreus, 
P. hlbemica and M. echinata in uninoculated plants (Table 16). 
A similar trend was observed with rhizoplane fungi 
(Tables 14'and 18). As a result of spray with urea, highest 
increase in the frequency was that of Qunninghamella echinulata, 
followed 'by A. flavus, A. fumigatus, A. ni.ger, sterile brown 
mycelium, (.;. flavum, D. hawaiensis, R. oryzae, 3.. rolfsii and 
F. oxysporum f.sp. ciceri in the rhizoplane of inoculated plants 
of JG-62; and A. fumigati^ s followed by A. flavus. A. niger. 
A. terreus, Humicola fuscotra. Ourvularia lunata. 0^. herb arum 
M. echinata, T. viridae. R. oryzae, G. aspermum and sterile 
black mucelium in uninoculated plants, with muriate of potash 
highest increase in the frequency was that of A. flavus followed 
by A. niger. A. fumigatus. R. oryzae, _G. echinulata. M. racemosus. 
M, alpina. _(J. herbanam and sterile brown mycelium in inoculated 
and A. terreus followed by A. flavus. A. niger. A. fumigatus. 
M. echinata, H. fuscotra. T_, viridae and sterile black muceliun-i 
in ininoculated plants. With another variety JG-74 as a result 
of spray with urea highest increase in the frequency was that 
of A. clavatus followed by R. nodosus, T_. viridae, sterile 
bro^-fii mycelium, A. flavus, A. fumi/?atu3. u. .eciiinulata, 
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M. alpina . D. hawaiensis, M. olivaceum, 3, r o l f s i i and 
i.' oxyspojrum f . s p . c i c e r i in inoculated ;and A. fumiigjatua 
followed by A. f lavus, A. ni^^er, A. t e r r e u s , A. c lavatus , 
R. oryzae. jJ. aspermum, G. roseum. M. echinata . T. v i r i dae . 
H. fusGotra and A. humicola in uninoculated p lan t s , with 
muriate of potash highest increase in the frequency was tha t 
of A. clavatus followed by T. v i r i d a e . R. nodosus, A. fumi^atus. 
A. f lavus , A. n i^er , G. roseum and s t e r i l e brown mycelium in 
inoculated and R. nodosus followed by A. sparsus, A. t e r r e u s . 
A. c lavatus , A. funi^atus , T. v i r i d a e . M. echinata , D. hawaiensis 
and s t e r i l e black mycelium in uninoculated p l a n t s . 
Pes t i c ides ; 
Results presented in Tables 13 and 17 reveal that due to 
spray of plants with pe s t i c ide s , the number of fungi in the 
rhizosphere increased with increase in the number of sprays but 
t h i s increase was low than those sprayed with water. The number 
of fungi was also more in those inoculated with Fusarium 
oxysporum f . s p . c i c e r i . In amongst the two v a r i e t i e s tes ted 
the more number of fungi was reported from the rhizosPhere of 
JG-62 both in inoculated and uninoculated when sprayed v/ith 
bav i s t in the numoer of fungi in cv. JG-62 was 19, 24, 27 in 
inoculated as against 18, 24, 25 in uninoculated nlants a f t e r 
respect ive sprays; with brass ico l 15, 2 5, 2'^  in inoculated as 
against 15, 21, 25 in uninocul'ited p lan ts ; wit", vitavax 15,24,27 
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in inoculated as against 17, 22, 25 in uninoculated plants; 
with benlate, 14, 22, 24 in inoculated as against 14, 21, 23 
in uninoculated plants; with captan 15, 23, 27 in inoculated 
as against 17, 22, 24 in uninoculated plants, with wettable 
sulphur 18, 24, 25 in inoculated as against 18, 23, 25 in 
uninoculated plants; and with streptomycine 20, 26, 29 in 
inoculated as against 19, 25, 27 in uninoculated plants. The 
number of fungi was 19, 26, 29 inoculated and 19, 24, 27 in 
uninoculated plants, when sprayed with water. With JG-74 the 
corresponding values were 22, 25, 26 in inoculated as against 
19, 23, 24 in uninoculated plants when sprayed v/ith bavistin, 
22, 25, 25 as against 17, 21, 20 with brassicol, 22, 25, 24 as 
against 17, 23, 24 with vitatax, 20, 24, 24 as against 18, 21, 21 
with benlate, 21, 24, 25 as against 18, 22, 23 with captan, 22. 
25, 25 as against 17, 21, 22 with wettable sulphur and 22, 26, 
26 as against 20, 23, 24 with streptomycine. The number of 
fungi in the rhiiiosphere of plants sprayed with water as control 
was 21, 25, 28 in inoculated as against 19, 25, 27 in uninocu-
lated plants. An increase in the number of fungi in the 
rhizosphere was due to streptomycine sprays which was more than 
those spryaed with water out in the remaining there was decrease 
over control. 
Almost identical results were observed with /reage^ d to 
rhi'/,oplane (Taoles l-i and l''^ ). lere also there hAs been rnore 
fun^i in those inocnl-itei v/ith F_. oxysporu.m f.sp. ciceri and 
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that too in JG-62. When sprayed with bavistin the number of 
fungi in rhizoplane of inoculated JG-62 plants was 16, 20, 21 
as a/^ ainst 13, 19, 20 in respective sprays in uninoculated; 
with Drassicol 15, 20, 23 in inoculated as against 12, 18, 19 
in uninoculated; with vitavax 14, 20, 20 in inoculated as 
against 13, 19, 20 in uninoculated; with oenlate 15, 20, 21 in 
inoculated as against 12, 18, 18 in uninoculated plants; with 
captan 13, 20, 21 in inoculated as against 12, 19, 21 in 
uninoculated plants; with wettable sulphur 17, 20, 22 in 
inoculated as against 13, 14, 19 in uninoculated plants; with 
streptomycin 16, 21, 23 in inoculated as against 13, 19, 19 
in uninoculated plants. While the number of fungi in plants 
sprayed with water as control was 15, 20, 23 in inoculated as 
against 15, 19, 20 in uninoculated aifter respective sprays. 
With J9r-74 the corresponding values were 14, 16, 18 in 
inoculated as against 14, 18, 18 in uninoculated vdien sprayed 
with bavistin; 15, 18, 19 as against 14, 18, 17 with Drassicol 
15, 18, 18 as against 14, 18, 18 with vitavax, 15, 15, 17 as 
against 14, 18, 18 with benlate, 14, 17, 18 as against 14, 18, 
18 with captan, 14, 17, IS as against 13, 17, 17 with wettable 
sulphur and 17, 19, 20 as against 16, 19, 19 with strepto-
mycir. . The nuraDer of fungi in the rhizoplane of plants sprayed 
with v;;iter as control was 15, 18, 20 in inoculated as against 
14, 18, 1-^  in uninoculated plants. Here also the highest 
incfe'i3e in the numoer of fungi was due to spray with strepto-
mycine. However the numoer of fungi was less in rhizoplane as 
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compared to rhizosphere. 
By and large the population of fungi in the rhiis-osphere 
of inoculated and uninoculated plants of ooth the varieties 
decreased due to spray with pesticides (Tables 10 and 11). 
The spray with streptomycin; however Drought about an increase. 
Highest decrease was ooserved when sprayed with bavistin and 
benlate. 
Frequency of fungi in general showed a decrease as a 
result of spray with pesticides (Tables 13 and 17). As a 
result of spray with oavistin the highest reduction in the 
frequency in the rhizosphere of JGf-62 inoculated plants was 
that of Pusarium oxysporum f.sp. ciceri followed by Mortierilla 
alpina. Aspergillus flavipes.. Uurvularia lunata, Alternaria 
alternata. Monosporium olivacium. Monilia humicola that of 
Gephalosporium aspermum followed by Aspergillus sparsus, 
Torulla allii. Memnoniella echinata. G. lunata. G. geniculata. 
Acrophialophora fusipora. Drechslera hawaiensis. Gladosporium 
herParum, Alternaria alternata and Aspergillus terreus in 
uninoculated; with vitavax A. sparsus followed by .aotrytis 
cinerea, Sclerotium rolfsii, xttiizoctonia solani, Syncephalastrum 
racemosum. Mucor racemesus, Aspergillus candidus. A. alternata 
ani l_. oxysporum f.sp. ciceri, 3. silvatlca, A. alternata, 
2- -lavum and ji.jrj.-Lc orou-n mycelium i-. inoculated and 
i'\ it of A. t^ erreus followed oy •£• allii, H. fuscotra, 
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G. ^enlcula ta . A. a l t e r n a t a . T. v i r idae , jJ. heroarum. A. n i^er , 
A. luchuenais . F. monlliformae, 0. flavum, R. oryaae, 
M. hum1 cola and s t e r i l e black mycelium in uninoculated p lan t s , 
with brass ico l , B. c ine r i a followed Dy C. flavum. R. so lan l , 
C. lunata,, ^. s i l v a t i c a . A. f lav ipes . A. sparsus. A. candidus, 
^« chrysospermum and A. fusipora in inoculated and tha t of 
A. tg r reus followed tiy A. f lav ipes , A. funiculosus, A.luchuensis . 
A. sparsus, A. a l t e r n a t a . P. monilifomnae, L;. aspermum, 
R. oryzae and s t e r i l e black mycelium in uninoculated p l an t s , 
with benlate P. oxysporum f . s p . c i ce r i followed by s t e r i l e 
brown mycelium, M. a lp ina , A. a l t e r n a t a , M. racemosus. 
M. phaseolina, A. candidus. A. f l av ipes . A. sparsus. 3. r o l f s i i . 
R. solani and B. c ine r i a in inoculated and that of T. a l l i i 
followed by (J. aspermum, A. t e r r e u s , A. f l av ipes , H. fuscot ra . 
G. lunata,, C. fieniculata. A. fusipora. M. humicola, G. flavum. 
£• tnoniliformae and s t e r i l e black mycelium in uninoculated 
p l an t s ; with captan A. candidus followed by G. flavum, 
M. phaseolina. ^ . r o l f s i i . F. oxysporum f . s p . c i c e r i . 
^ . chrysospermum. A. a l t e r n a t a . _G. lunat_a, A. fusipora. 
A* ^layj-^jes, S. racemosusm. M. olivaceum and B. c iner ia 
in inoculated and tha t of T_. a l l i i followed by B. pullul iferum, 
A. tgrreu'3, A. funiculosus, A. sparsus. A, flavi^oes, 
i.- moniliiorma.e, 3. s i l v a t i c a , T. v i r idae and s t e r i l e olack 
mycelium in uninoculated p lan ts ; with wettable sulphur 
£.' r g l J s i i followed by 0. lunata , A. aj-ternata. u. flayigra, 
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M* olivaceum, a. cinerea, _3. racemqsum, K. phaseolina, 
A. sparsus, A. flavipes, 3_. chrysospermum, R. solani and 
F. oxyspoirum f.sp. cicerl in inoculated and that of A. sjoarsus 
followed by A. flavlpes, H. fuscotra followed by _C. lunata, 
£• moniliformae. T. viridae, D. hawaiensis. T. allii, 
A,, terreus and ^  alt e mat a in uninooalated plants. On the 
other hand, with streptomycine the frequency of most of the 
fungi increased with highest increase that of sterile brown 
mycleium followed by M. racemosus, R. oryzae, M. humicola, 
A. fumi^a^:u5. A. sparsus, B. cine re a, S. solani and P. oxysporum 
f.sp, ciceri in inoculated and that of sterile black mycelium 
followed by B. piluliferum, Q. aspermum. M. echinata. 
Q. lunata, F. moniliformae, T. viridae. _u. herbarum, M. humicola 
and fi_. 2^;^a£ in uninoculated plants. With another variety 
JGr-74, as a result of spray with oavistin the highest reduction 
in the frequency was that of P. oxysporum f.sp. ciceri followed 
Dy 3. rolfsii, A. flavipes. M. olivaceum, A. alternata. 
0. lunata, P. notatum, M. alpina and sterile Drown mycelium 
in the rhizosphere of inoculated plants and that of R. nodosus 
followed Dy _G. aspeitnym, P. hibernica, ^. allii, jJ. lunata, 
P. monilif ormae, H. . fuscotra, D. havfaiensis, D. sativum, 
_G. liinatar A. humicola, ^ . lignorum, T. viridae and sterile 
black mycelium in uninoculated plants, with vitavax, V. ,{laa3];n, 
followed by A. alternata, S.. rolisii, C. lunata, A. cr.ia ii i;ir, , 
^1- alpina, u. flavom, K. hum_icola, ?. notatum, 3;. rojeam 
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and s t e r i l e brown mycelium i n i n o c u l a t e d p l a n t s and t h a t of 
D. sativum followed by T. li^gnorum, T_. v i r i d a e . A. humicola , 
0, l u n a t a , H. f u s c o t r a . C. herbarum. T. a l l i i , R. nodosus, 
_C. aspermum. P. h i b e m i c a . A. c l a vat u s and s t e r i l e brown 
mycelium i n un inocu la t ed p l a n t s ; wi th b r a s s i c o l t h a t of 
^ . l u n a t a fol lowed by 7 . slau_Gum, ^ . r o l f s i i . T. v i r i d a e , 
T. l i^norum. P . notatum, M. ol ivaceum. &. racemosum and 
P . oxysporu.m f . s p . c i c e r i i n i n o c u l a t e d and t h a t of A. c l ava tus 
fol lowed by A. humicola . _0. l u n a t a . R. nodosus . T. l i£norum 
and M. e c h i n a t a i n un inocu l a t ed p l a n t s ; wi th ben la t e t h a t of 
F . oxysporum f . s p . c i c e r i fol lowed by V. filaucum, A. candidus , 
Ai. c l a v a t u s . A. a l t e r n a t a , T. v i r i d a e . D. h a w a i e n s i s . P .nota tum. 
G. racemosum, M. qlivaceum. u. l u n a t a and s t e r i l e brown mycelium 
i n i n o c u l a t e d and t h a t of R. nodosus. fo l lowed by P . h i b e r n i c a . 
A. c l a v a t u s , P . notatum, G. roseixm ,, T. a l l i i . u. herbarum 
M. e c h i n a t a . D. hawa iens i s . A. humicola . ? , moni l i formae . 
T. li^norum, and s t e r i l e black mycelium i n u n i n o c u l a t e d p l a n t s ; 
wi th captan t h a t of F . oxysporum f . s p . c i c e r i fol lowed by 
'2_. liiS!norum. V. glaucum, A. candidus . A. c l a v a t u s . M. a l o i n a 
and A. a l t e r n a t a i nocu l a t ed and t h a t of F . monil iformae follwed 
by A. humicola. t;. l u n a t a . D. h a w a i e n s i s , T. a l l i i , P. notatura, 
A. c l a v a t u s , A. s p a r s u s , u. aspeirmum and s t e r i l e b lack mycelium 
i n u n i n o c u l a t e d p l a n t s ; with we t t ab l e su lphu r jJ. e c h i n u l a t a 
fol lowed by M. filobosus, M. a l p i n a , V. jglaucurn, U, lunillii '^•^ '^  
F . oxysporu.m f . s p . c i c e r i in i n o c u l a t e d and t h a t of R. nodosus 
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followed by P. h ibern ica . A. t e r r eus . A. clavatiis, P. notatum, 
M. echinata , D. hawaiensls, D. sativum, u. luna ta , A. humicola, 
•i 
T_. H.-Jnorum and s t e r i l e black mycelium in uninoculated p l an t s . 
On the other hand, with streptomycine the frequency of fungi 
increased with highest increase tha t of A. c lavatus followed 
^y A. flavu.s, A. fumija;atus, A. niger, A. f l av ipes , A. candidus, 
A. a l t e r n a t a , P. notatum, (j. flavum, R. nodosus, M. echinata , 
'L' vii^idae and s t e r i l e brown mycelium in inoculated and tha t 
of P. h ibern ica followed by A. fumigatus, A. f lavus , A. niger , 
A. sparsus , A. f l av ipes . jJ. herbarum, M. echinata , H. fuscotra , 
T. v i r i d a e , ^ . lignorum, u. aspermum, P. notatum, G. racemosum 
and s t e r i l e black mycelium in uninoculated p l a n t s . 
A s imi la r trend was obseirved the changes in frequency' 
of rhizopljme fungi (Taoles 15 and 19) . As a r e s u l t of spray 
with bavis'jin highest decrease in the frequency was tha t of 
? . oxyspprum f . s p . c i c e r i followed by 3. r o l f s i i . A. a l t e r n a t a , 
B. c inerea, A. f l av ipes , M. phaseolina, G. luna ta , D.hawaiensis, 
A. sparsus , A. candidus, H. alDina and s t e r i l e brown mycelium 
in inoculated plants and that of A. fusipora follo^fed by 
Mo echinata , }j. lunata , A. t e r reus , A. f lavus, A. sparsus , 
A. f l av ipes , H. fuscotra , T. v i r idae and s t e r i l e olack mycelium 
in uninoculated p l an t s ; with vitavaJ: b. cinerea followed by 
H* •^loin-^, A. a l t e r n a t a . £. lunata , K. r>ha3eolina, 0_. _flavam, 
A- f lavus , A. sparsus and s t e r i l e orown" i.v^'lii ' ' . in inoculalsa 
and tha t of U. .ST<ermum lollov/ed D.y A. te r re ; ; s . A. luchuensi.;., 
- 85 -
A. humicola. D. hawaienals. A. flavxis, A. sparsus, A. f l av lpes , 
A. n i^er , R. oryzae, H. fuscot ra , T_. v i r idae , c«. herParum, 
M. echinata and s t e r i l e black mycelium in uninoculated p lan t s ; 
with orassicol A. f lav ipes followed by ^ . r o l f s i i . A. fus ipora , 
A. a l t e m a t a. 0. lunata , R. so lan i , A. sparsus, A. candidus^ 
B. cinerea and s t e r i l e brown mycelium in inoculated and tha t 
of H. fuscotra followed by 0. lunata , C. herbarum, M. echinata 
A. t e r r e u s , A. n i^e r . A. f l av ipes , A. sparsus. A. luchuensis , 
D. hawaiensis, T. v i r idae and s t e r i l e black mycelium in 
uninoculated p l an t s , with benlate F. oxyspoinim f . s p . c i c e r i 
followed by M. olivaceum. A. fusipora. ^ . lunata . R. oryzae, 
4* candidus, A. f l av ipes , M. racemosus, M. a lpina, u. flavum 
H. phaseolina, B. c inerea, A. a l t e ma t a and s t e r i l e brown 
mycelium in inoculated and tha t of M. echinata followed by 
T. v i r idae , A. nig^_r, A. t e r r e u s , A. f lavus, D. hawaiensis, 
0, lunata , L;. aspermum, R. oryzae,. Q. heroarum, u. flavum and 
s t e r i l e black mycelium in uninoculated p lan t s ; with captan 
B. cinerea followed by iJ. flavum, M. phaseolina, A. a l t e m a t a , 
M. alpina, ii. l una ta , M. olivaceum, M. phaseolina. R. so lan i , 
S. rol f s i i , A. candidus, A. flaYit>es. A. sparsus. P. oxyspoinam 
f. sp. c i c e r i and s t e r i l e brown mycelium in inoculat'ed and tha t 
of A. f lavipes followed by A. t e r r e u s , A. sparsus, ;C. herbanjim, 
D. hawaiensis. u. luna ta , S.. r o f I s i i , R. oryzae, j j . asDermum. 
A. ni^er . T. v i r i dae , H. fus cot ra and s t e r i l e black rayceliur.i 
in uninoculated p lan ts , on ' the other nand v/ith streotomycin 
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the frequency of most of the fungi increased in Doth inoculated 
and uninoculated plants. The frequency of M. phaseolina 
increased highest followed by A. candidus. A. flavipes. 
A. sparsus. A. fumigatus, A. flavus. R. oryzae, M. racemosus. 
M* alpina, jJ. lunata, D. hawaiensis, S. rolfsii. R. solani 
B. cinerea. F. oxysporum f.sp. oiceri in inoculated and that 
of A. fumigatus followed by 0_. lunata, u. herbarum, T. vlridae, 
D. hawaiensis, R. oy/ii^ ae, iJ. aspermum, A. niger, A. flavirjes, 
E.' echlnata, Fusarium oxysporum and sterile black mycelium in 
uninoculated plants. With another variety JG-74, as a result 
of spray with bavistin highest reduction in the frequency was 
that of A. alternata in the rhizoplane of inoculated plants 
followed by S. rolfsii, M. olivaceum. G. roseum.- P. oxysporum 
f.sp. ci^eri, M. alpina and sterile orown mycelium and that of 
R. ory^ae followed by A. terreus. M. echinata, T. vlridae. 
£. aspermum, A. flavus. A. clavatus. Ao sparsus. H. fuscotra. 
D. hawaiensis, A. humicola. ^. lunata. o. herbarum and sterile 
black mycelium in uninoculated plants; with vitavax A. alternata 
followed by ?. oxysporum f.sp. ciceri. H. alpina, G. roseum. 
3- rolfsii. G. lunata and sterile brown myceliun in inoculated 
and that of A. humicola followed by ^. herbarum. R. nodosus. 
D. hawaiensis, G. lunata, '1. fuscotra, T. yiridae, }j. aspermum, 
-!• lilTii^ ' A' terraus, A. sparsus and sterile blac': nycellum 
in uninocul'itail plnnts; cith orassicol H. aloln-i followed by 
A. altern-it-i, j_. oxy,:.;^  )nm T.sn. c_l.o_eri, A. "-lavipes. 
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i£' "coseuni „ T^. v i r l d a e and s t e r i l e brown mycelium i n i n o c u l a t e d 
and t h a t of it. nodosus followed by D, h a w a i e n s i s . T_. v i r i d a e 
14. e ch ina t a , L;. as per mum, A. t e r r e u s , A. f l a v u s , A. c l a v a t u s , 
A. s p a r s u s , R. o ryzae , (J, Lunata and A. humicola i n un inocu-
l a t e d p l a n t s ; wi th ben la te F . oxysporum f . s p . c i c e r i followed 
by G. l u n a t a , M. ol ivaceum, 3 . r q l f s l i , A. c l a v a t u s , A. f l a v i p e s . 
G. ecJ i inu la ta , M. /^lobosus, G. roseum , . T. v i r i d a e and s t e r i l e 
brown mycelium i n i n o c u l a t e d and t h a t of A. c l a v a t u s followed 
^y ti* f u s c o t r a , M. echj.nata, R. nodosus, (J. herbarum, 
^' roseum , . T. v i r i d a e . A. t e r r e u s , A. f l a v u s . R. oiryzae, 
A. humicola . D. h a w a i e n s i s . G. l u n a t a and s t e r i l e black mycelium 
i n un inocu la t ed p l a n t s ; with captan M. a l p i n a fo l lowed by 
F . oxysporum f . s p . c i c e r i . C. l u n a t a . G. e c h i n u l a t a . A. a l t e m a t a. 
4* c l ava tus i n i n o c u l a t e d and t h a t of R. nodosu? fol lowed by 
A. humicola . A. c l a v a t u s . G. herbarum. A. ni^^er. A. t e r r e u s 
A. s p a r s u s , R. o ryzae . H, f u s c o t r a , T. v i r i d a e . M. e c h i n a t a , 
C. aspermum, and D. hawaiens i s i n u n i n o c u l a t e d p l a n t s ; wi th 
w e t t a b l e s u l p h e r R. nodosus followed by M. a l p i n a , M. olivaceum, 
P . oxysporuffl f . s p . c i c e r i . u. e c h i n u l a t a , M. ^ l o b o s u s , 
A. f l a v i o e s , A. a l t e r n a t a and u. l u n a t a i n i n o c u l a t e d and 
t h a t of A. c l a v a t u s fol lowed oy R. nodosus, A. t e r r e u s , 
A. s p a r s u s , A. humicola, C, lunat_a, M. e c h i n a t a , R. o.rv_zae 
!i« f u s c o t r a . A. n i ^ e r . A. f lavus. , D. h a w a i e n s i s . G. roseum 
•in,i o t o r i l e black rayceliun i'" un inocu la t ed p l a n t s . On the 
ot'-ier hani with s treDtomvcir the frequency of fungi inc reased 
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with highest increase that of R, nodosus followed by A. c lavatus . 
A. a l t e m a t a , J^. echinulata . A. f l av ipes . M. olivaceum. 
'i.' v i r i dae , W. echinata and s t e r i l e brown mycelium in inoculated 
and tha t of A. fumi/^atus followed by A, n i^e r . A. f lavus . 
A. c lavatus , A. t e r r e u s . A. humicola, R, nodosus, R. oryzae, 
C. aspermum. Q. roaexim , M. echinata, T. v i r i d a e , 
D. hawaiensis, _C« lunat and s t e r i l e black mycelium in unino-
culated p l a n t s . 
I t i s i n t e r e s t i ng that as a resu l t of spray with growth 
promoting substances, there has oeen h igher increase in the 
frequency of saprophytic fungi in the rhizosphere of both the 
v a r i e t i e s except ivith g i b o e r e l l i c acid where highest increase 
was tha t of Fusarium oxyspopim f . s p . c i c e r i a pathogenic fungi 
in inoculated JG-62 p l an t s . I t might be one of the factor^^for 
high incidence of wil t desease due to spray with g i b b e r e l l i c 
ac id . This was not tinie however with the rhizosphere of JG-74 
which i s r e l a t i v e l y l e s s suscept ib le to w i l t . There were higher 
number of saprophytic fungi in the treatment with indole butyric 
acid followed by g i b b e r e l l i c acid, th io indole butyric acid 
and indole ace t i c acid with the rhizosphere of JG-62; out with 
the rhizosphere of J&-74 i t was g i b o e r e l l i c acid, th io indole 
butyric acid indole acedic acid and indole bu tyr ic acid. On 
the other hand with raaleic hydrazide, there was a reduction 
in the frequenc:^ of larpe numoer of saprophyt ic , p a r a s i t i c 
and al30 some a n t i b i o t i c 'producing fungi in ooth the v a r i e t i e s . 
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With rhizoplane fungi the frequency of fungi showing 
increase p a r t i c u l a r l y the saprophytic fungi in the rh i zo -
sphere of JG—62 was more with indole butyric acid followed 
Dy giDbere l l ic acid, indole ace t ic acid and th io indole 
butyr ic acid . I t appears t ha t indole butyric acid was more 
favourable fo r increase in saprophytic fungi however with 
JG-74 g i b o e r e l l i c acid was more effect ive followed by t h i o 
indole butyr ic acid. The response of indole butyr ic acid 
and indole acedic acid was almost i d e n t i c a l . On the other 
hand with maleic hydrazide, general ly the frequency of fungi 
showed reduct ion and t h i s reduction was more in the sapro-
phytic fungi in ooth the c u l t i v a r s . 
With f e r t i l i z e r s urea was moi?e effect ive than muriate 
of potash in increasing the a c t i v i t y of saprophytic fungi 
but with muriate of potash highest increase in the frequency 
was that of T. v l r idae in the rhizosphere of JG—74 inoculated 
p lan ts which could be exploited fo r cont ro l . Similar ly with 
cv. JG-74 T. v i r idae was g rea t ly increased with muriate of 
potash and urea in inoculated and uread foilov;ed by muriate 
of potash in uninoculated p l an t s . 
I'l the rhizoplane also urea increased the frequency of 
large numoer of saproiDhytic fungi in Doth the v a r i e t i e s in 
inoculated and iTiuriate of potash in lininoculated of cv.J3-62 
Dut in cv.J3'-74 ef'^ect of both the fert i l izer '-! -.ris ident ie - i l . 
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As a r e su l t of spray with fungicides there was a 
reduction in the frequency of l a rge number of saprophytic 
and p a r a s i t i c fungi . In some cases even the frequency of 
a n t i o i o t i c producing fungi decreased. The spray with 
streptomycin( however brought about an increase in frequency 
of a l l the fungi. 
FIG, 3. Population of fungi in the Aizosphere of 
Tininoculated and inoculated plants of 
chickpea cult ivar J(j-62 (with Pusarium 
oxysDorum f . sp . ciceri) treated with 
different fo l i a r sprays. 
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FIG. 4. PopuiLation of fungi in the rhizosphere of 
iminociliated and inoculated plants of 
chickpea cul t ivar JG-74 (with Fusarium 
oxysponim f . sp . cioeri) treated with 
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3.4 HHIz.03PHflRB MP fiHI^OPLANfi l^ GOFLQRA OF gIia>[P3A PLANT3 
UUI/'JIVAR Jg-62 AND Jg-74 INOuULATBD WITH PUSARIUM 
Or^ SPORUM F .SP . UIuERI IN RELATION TO SOIL AliENDMENT 
Resul t p re sen ted i n Table 21 and 23 r e v e a l t h a t s o i l 
amendment in f luenced t h e rh i zosphe re raycoflora both q u a l i -
t a t i v e l y and q u a n t i t a t i v e l y . The r h i z o s p h e r e mycoflora was 
a l s o d i f f e r e n t i n the two v a r i e t i e s t e s t e d , f u r t h e r t h e 
inocu la t i f e -o f p l a n t s with Fusarium oxvsporum f . s p . c i c e r i 
r e s u l t e d i n i n c r e a s e i n t h e mycoflora . In amongst t h e two 
c u l t i v a r s t e s t e d , t he number of f ung i was more i n t h e 
r h i z o s p h e r e of JG-62 uoth i n i n o c u l a t e d and u n i n o c u l a t e d 
a l though more fungi i n i nocu la t ed r h i z o s p h e r e . The number 
of fungi was a l so more i n where o i l cakes were used as 
amendments. The number of fungi i n the r h i z o s p h e r e of 
i n o c u l a t e d p l a n t s of JG-62 wi th u r e a was 29, wi th supe rphos -
phate 30, wi th mur ia te of po tash 27 as a g a i n s t 26 i n un inocu-
l a t e d p l a n t s ; wi th c a s t o r cal-'-^  30, w i th neem cake 32, with 
mustard cake 34 as a g a i n s t 28 in u n i n o c u l a t e d p l a n t s ; with 
mahua cake 30 as aga ins t 27 i n u n i n o c u l a t e d p l a n t s ; with 
b a v i s t i n 24, vdth v i t avax 26, with o r a s s i c o l 26, wi th ben la te 
25, wi th captan 26, with we t t ab l e sul^Vaur 25 i n inoc\ila+ed as 
a g a i n s t 20, 21 , 21, 20, 21 and 21 in u n i n o c u l a t e d p l a n t s . 
The number of fungi i'--' the r h i z o s p h e r e oi T)lant3 grow '^i. i". 
una-tienJed s o i l was 28 in inocul- i ted i3 a.-rainst 2o i i -ir-i-.o-
c i l ia ted p l a n t s , Alnost i d e n t i c a l reoalt; . ; .-/ero oo ta in '} ; -..'iV-
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JG-74 but l e s s number of fungi. The number of fun^^i ^vas 
more in the rhizosphere of p lants grown in s o i l amended 
with f e r t i l i z e r s and o i l cakes and l e s s in those t r ea ted 
with fungicides . 
As a r e s u l t of treatment of s o i l with urea, super-
phosphate and muriate of potash, almost a l l the fungi 
i so l a t ed exhibited increased frequency in the rhizosphere 
of Doth inoculated and uninoeulated p lan ts of JG-62 with 
respect to control (Table 21) except Syncephalastrum 
racemosum, Bot ry t i s cine re a, Qhaetomium flavura, Aspergillus. 
f l av ipes and Drechslera hawaiensis in inoculated and 
D. hawaiensis, Al ternar ia a l t e m a t a , Eusarium moniliformae, 
P. oxysporum and Acrophialophora fusipora in uninoeulated 
p lan t s t r ea t ed with muriate of potash, AS a r e su l t of 
treatment with urea the frequency of Hhizopus oryzae increased 
highest in inoculated and tha t of Aspergi l lus fumigatus in 
uninoeulated; with superphosphate Aspergi l lus n iger in 
inoculated and A. fumigatus in uninoeulated and with muriate 
of potash A. niger in inoculated and Memnoniella echinata 
and Trichoderma vi r idae in uninoeulated p l a n t s . 
Sapro^:)hytic fungi which exhibited highor frequency in 
uninoeulated plants as compared to inoculnted as a r e su l t 
of treatment with uroa included A. turni,-;^tug, A. ±l3T±^y 
A. sparsus, A. niger , K. oryzae; wi'„ , j •'.J-.TO .^joii^te 
4 ' i'uffiit{" t^n-3, A. ilav'UG, A. niger, A. sp.'UoUd n/nJ j^. or.,, zae 
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and with muriate of potash A. f lavus , A. sparsus and 
X.* v i r i d a e . Fungi which were present in uninoculatod 
rhizosphere as a r e s u l t of treatment with iirea, superphon-
phate and muriate of potash included A. fumi^atus. 
A. luchuensis . A. t e r r e u s . T. a l l i i . Humicola, A. fuscotra , 
M. echinata, T. v i r idae and s t e r i l e black mycelium. In 
addit ion to t h i s F. monilifoimae with urea and muriate of 
potash and F. oxysporum with muriate of potash. 
,'/ith o i l cakes not a l l fungi showed increase in frequency 
A. fumigatus exhibited highest frequency both in inoculated 
and uninoculated p lants as a r e su l t of treatment with cas tor 
cake and neem cake; with mustard cake the frequency of 
A. fumigatus was highest in inoculated and tha t of A. f lavus 
and s t e r i l e black mycleium in uninoculated plants and with 
mahua cake A. fumigatus in inoculated and A. fumigatus and 
A. nigger in uninoculated p l an t s . 
Aspergil lus funiculosus, A. luchuensis and s t e r i l e black 
mycelium vrere present only in the rhizosphere of uninoculated 
plants t rea ted v/ifch cas to r cake, neem cake, mustard cake and 
mahua ca'-ee. In addi t ion to t h i s T. v i r idae was also i so la ted 
from the rhizosphere of uninoculated nlants t r ea ted with cas'^cr 
cake F. oxysnoram with neem cake and marina cake and F. moni l i -
lornac i/ith mahua cake. 
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As a r e s u l t of treatment with fungicides the frequency 
of a l l the fungi boty saprophytic and p a r a s i t i c decreased 
^ / 
except.A. fumi^atus in uninoculated plgints t rea ted with 
d i f ferent fungicides and tha t of 4* flavus in both inoculated 
and uninoculated p lan ts t r ea ted with bav i s t in ; H. oryzae in 
inoculated p lan t s t r ea ted with bav i s t in , captan and wettable 
sulphur and Cladosporium herbarum in inoculated p lan t s t r ea t ed 
with bav i s t in and v i tavax. Thus the fungicide had adverse 
ef fect on the s o i l mycoflora both of inoculated and uninocu-
la ted p l an t s . 
The frequency of pathogenic fungus F. oxyspoinim f . s p . 
c l c e r i with i n c r e a s e ^ u r e a and superphosphate but muriate 
of potash, o i l cakes and fungicides treatment indicated lower 
frequency. The frequency ranged from 55 to 85 in f e r t i l i z e r s 
t rea ted pleoits and 0 to 25 in o i l cakes and fungicides t r e a t e d 
p lants as against 65 in unt rea ted inocula t ions . Similarly 
other pathogenic fungi i . e . Macrophomina phasiol ina . 
4* a l t e m a t a indicated increase in frequency with f e r t i l i -
zers and decreased with o i l cakes and fungicidal t rea tments . 
The frequency of former ranged from 20 to 30 in f e r t i l i z e r s 
treatment and 5 to 15 in o i l cake and fungicidal treatment 
as against 20 in control and tha t of l a t e r ranged from 50 to 
30 in f e r t i l i z e r s and 5 to 20 in o i l cake and fungic idal 
treatment as agai-nst 30 in cont ro l . 
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Thug o i l cake treatment not only brought about decrease 
in the frequency of Toathogenic forms but also increase in 
the sapronhytic forms. Therefore, treatment with o i l cakes 
i s more Denif icial to the plant and fo r the disease control . 
Almost a s imi la r trend was obtained with JGr-74 (Table-23) 
(jephalosporium aspermum, R, ory^iae, Phoma hibernica , 
A. luchuensis . H. fuscotra , Al te rna r ia humicola and s t e r i l e 
black mycelium were among those 3apror)hytic fungi reported 
from rhizosphere of uninoculated plants t r ea ted with urea , 
superphosphate and muriate of potash. Frequency of Mucor 
globosus. A. f l avus . A. niger . A, t e r r e u s , A. c lavatus, 
Penic i l l ium notatum. Gliocladium roseum. M. ed i ina ta was 
higher in uninoculated p lan ts as compared to inoculated as 
a r e s u l t of treatment with urea , superphosphate and muriate 
of potash iJunninghamella echinula ta , A. fumigatus with urea and 
superphosphate and _C. herbarum, D. hawaiensis and 0. luna ta 
with muriate of potash only. 
_C. aspermum, A. luchuensis , H. fus cot ra and A. humicola 
were i so la ted from uninoculated plants t rea ted with cas tor 
cake neem cake, mustard cake and mahua cake. In addi t ion to 
t h i s A. sparsus was i so la ted from the rhizosphere of inoculated 
ol mts •craated A\ith castor cake, neen cake ami mustard cake. 
' ^^ i re 3uJ t of treatment 'fith fungicides, t.ie frequency 
o ' li-l t'~.j f i^.-i ootn sa")ro'3hyti c and p a r a s i t i c decreased 
e^  ceto A. t i in i ' a tus in inoculated and uninoculated -olants 
94 
t r ea t ed with d i f fe ren t fungicides and A. t e r r eus t r e a t e d with 
lopi-vistin, vitavax brass icol and oenlate; Rhizopus nodosua 
in inocul.ated p lan ts t rea ted with bav i s t i n and captan; Mucor 
globosus and A. flavus t rea ted with bav i s t in and vi tavax; 
A. n iger t r ea ted with vitavax and wettable sulphur; A. cl a vat us 
t r e a t e d with bavis t in , vi tavax, brass icol and wettable sulphur, 
T_. v i r i dae t r ea ted with bav i s t i n brass ico l and wettable 
sulphur a,nd Tridioderma li^norum t r ea t ed with bav i s t in , vi tavax 
and captan. The remaining fungi exhibi ted reduct ion in 
frequency as control . 
Addition of inorganic f e r t i l i z e r s in s o i l brought about 
increase in frequency of almost a l l the fungi i s o l a t e d except 
R. nodosus. 0. echinula ta . A. a l t e m a t a as a r e s u l t of treatment 
with urea; R. nodosus, M. globosus and A. a l t e m a t a with 
superphosphate _U. echinula ta . 0. flavum, P. h ibern ica . 
0. luna ta and A. a l t e rna t a in inoculated p lan ts t r ea t ed with 
muriate of potash but in uninoculated p lants the exception 
was A. sparsus and A. a l t e r n a t a in a l l the f e r t i l i z e r s . 
Amongst the o i l cakes, mustard cake favoured the increase 
in the frequency of l a rges t number of fungi followed by neern 
cake, castor cake, and mahua cake in inoculated T)lants while 
in uninoculnted there has not been a mater ia l chan^je, K. 
nodosus, A. funi^-^atus, A. f lavus, A. nlgar . A. terreu.s 
exhibi ted increase in feq^iency in a l l the o i l cike.s both in 
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inoculated and uninocfulated p lan t s ; 0. herParum in uninocu-
la ted t rea ted with caator, neem and mahua cake, A. lucheunsis 
in caator, neem and mustard cake whereas Torulla a l l i i . 
H. fuscotra . G. roseum, P. notat-gm in a l l the o i l cake 
t rea tments . There was increase in frequency in A. f lavus 
in castor , neem and mustard, Penici l l ium notatum in castor , 
neem and mahua and G. roseum in castor and neem cake in 
inoculated p l a n t s . 
Fungicidal treatment suppressed the frequency of almost 
a l l the fungi both saprophytic and p a r a s i t i c except a fe\j 
such as A. fumi;ratus and A. t e r r e u s in some fungic ides . 
There were some q u a l i t a t i v e differences between mycoflora 
of two v a r i e t i e s , R. nodosus. A. clavatus, P. notatum, 
M. globosus, G. racemosum and T_. lignoium were i so la t ed from 
inoculated and uninoculated p l an t s , A. t e r r eus . H. echinata . 
Ver t i c i l l ium glaucum and T_. v i r idae from inoculated and 
P. hibernica and A. humicola from uninoculated olants of 
JG-74 and not of JG-62 vmereas Acrophialo jhora fusipora 
vj-as i so la ted from ooth inoculated and uninoculated p lants , 
Ku COr racemosus. R. oryzae, Syncephalast ram racemosum, 
:^' o,ryzae, 3y n ce phal as t ran racemosum, M. Dhasiolina, 
B. c iner ia from inoculated and P. oxysporan, £. monilifornae 
and A. al ternat- \ from uninoculated and not fron the other 
cu l t iva r . 
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A s imi la r trend was observed with rhizoplane fun^i with 
more number of fungi in those inoculated with F_. oxygporum 
f . s p . GJceri (Table 22 and 24). In amongst the two cu l t i va r s ' 
t e s t ed , number of fungi was more in the rhizoplane of cv.JG-62 
both in inoculated and uninoculated p lan t s ; with urea i t was 
22 with superphosphate 25 with muriate of potash 21, with 
cas tor cake 25, with neera cake 23, with mustard cake 22 with 
mahua cake 20, with bav i s t i n 16, with b rass ico l 20, with 
vi tavax 21 with captan 21 against 18 to 21 in uninoculated 
ones. With oenlate and wettaule sulphur there has been no 
difference in the numoer of fungi in inoculated and uninocu-
la ted rhiiioplane. In the wettable sulphur the number of fungi 
was 19 while in benlate was 17, the number of fungi in the 
rhizoplane of unamended control p lan ts was 21 in inoculated 
as against 20 in uninoculated p l a n t s . With JGr-74, the number 
of fungi was r e l a t i v e l y l e s s as compared with JG-62 however 
f e r t i l i z e r s and o i l cakes t reatments suDported the Dumber 
of fungi where i t was 21 to 24 in inoculated as against 
18 to 20 in uninoculated p l an t s . In fungicidal treatment 
i t ranged from 16 to 19 in inoculated as against 17 to 18 in 
uninoculated p l a n t s . The number of fungi control p lants 
was 20 in inoculated as against 18 in uninoculated -olants. 
Treatment with urea, superphosphate and muriate of 
potash Drought auout increase in frequency of almoji: •il _ ti.e 
fungi i so la ted from rhiz-oplane of JG-62 with rasnect to control 
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(Taole 22) except 0, lunata in uninoc3ulated p lan t s t r ea ted 
with urea ; B. cinerea in inoculated p lan ts with superphos-
phate and 0. luna ta and 4. a l t e m a t a in 00th inoculated and 
uninoculated p l a n t s . 4 . fusipora. fi. ao lan i , 3. r o l f s i i . 
P. oxyspo:cum f . s p . c ice r i in inoculated and P. oxyspoirum. 
D. hawaiensis i n uninoculated p lan ts with muriate of potash. 
As a r e s u l t of treatment with urea the frequency of M. olivacium 
was highest in inoculated and tha t of 4. fumigatus in uninocu-
l a t e d p l a n t s , with superphosphate R. oryzae in inoculated and 
A. f\xmi^atu3 in uninoculated p l an t s . 
The frequency of R. or^zae, jC. flavum. A. fumi^atus. 
A. f layus . 4 . n i s e r . 4 . sparsus was highest i n uninoculated 
as against inoculated p lan t s when t r e a t e d with urea , super-
phosphate and muriate of potash. Fungi which are present only 
in the rhizoplane of uninoculated p lan t s as a r e s u l t of t r e a t -
ment with urea , superphosphate and muriate of potash included 
A. t e r r e u a . A. lucheunsis . M. echinata . H. fuscot ra . T. v i r idae 
and s t e r i l e black mycelium. In addi t ion to t h i s 0, aspermum 
with urea and muriate of potash. 
Not a l l the fungi exhibited increased frequency as a 
r e s u l t of o i l cake treatment the s t e r i l e brown mycelium 
exhibi ted highest increase in inoculated and A. fumi^^atus 
in uninoculated p l a n t s . As a r e s u l t of treatment with castor 
cake A. nij^er in inoculated and A. fumi/Jatus in uninoculated 
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plants, with neem, mustard and mahua cake jJj_ aspermum. 
4. terreus, 4. luchuensis. M, echlnata and H. fuscotra were 
present only in the rhi^^oplane of uninoculated p lan ts treated 
with castor, neem, mustard and mahua cake. In addition to 
t h i s P. oxysporum was also isolated from rhizoplane of 
uninoculated plants treated with mustard and mahua cake and 
T, viridae with mahua cake. 
Due to treatment with fungicides, the frequency of a l l 
the fungi both saprophytic and parasi t ic decreased except 
A. fumi^atus in inoculated and uninoculated plants treated 
with different fungicides and that of A. flavus in inoculated 
plants treated with bavistin, vitavax and benlate, A. nigger 
with baviatin, vitavax and orassicol , R. oryzae and M.racemosus 
with vitavax and brassicol and C.' ediinulata with vitavaz only. 
The frequency of pathogenic fungus F. oxysporum f . s p . 
c icer i coreiderahly increased with f e r t i l i z e r s except muriate 
of potash but o i l cakes and fungicides t reatment indicated 
lower frequency. The frequency ranged from 70 to 85 in 
f e r t i l i i 6e r s t r ea ted p lan ts and 0 to 25 in o i l cakes and 
fun'^icides t r ea t ed p lan ts as against 60 in unt rea ted inocu-
l a t i o n . Similar ly, other pathogenic fungi i . e . A. a l t e m a t a 
indicated increase in frequency with f e r t i l i z e r s and decreased 
with o i l cake and fungicidal t rea tments . I'he frequency ranged 
from 40 to 50 in urea and superphosphate and 5 to 20 in muriate 
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of potash,, o i l cakes and fungicidal treatment as against 30 
in control . 
j ; . aspermum. E, fuscot ra and A. humicola among those 
saprophytic fungi reported from rhizoplane of uninocalated 
p lan ts of JG-74 t r ea t ed with urea, superphosphate and muriate 
of potash,. In addi t ion to t h i s R. oryzae. 4. sparsus from 
rhizoplane of uninoculated p lan t s t r ea ted with urea and 
superphosphate. Frequency of A. f l avus . A. niger , A. t e r r e u s . 
4* clavatTis. M. echinata and T. v i r idae was higher in unino-
culated p lan t s as compared to inoculated as a r e su l t of 
treatment with urea , superphosphate and muriate of potash, 
A* fumigatus with urea and superphosphate and 0. herbazrum with 
u rea . j ; . aspermum. A. humicola were i so la ted from uninoculated 
p lan t s t r ea t ed with ca s to r cake, neem cake, mustard cake and 
mahua cake. As a r e s u l t of t reatment with fungicides the 
frequency of a l l the fungi both saprophyt ic and p a r a s i t i c 
decreased except A. fumigatus in inoculated and uninoculated 
p lan t s t rea ted with d i f fe ren t fungic ides . R. nodosus in 
inoculated p lan t s with bav i s t in , vi tavax aM captan;: 
M. globosus with v a v i s t i n and vi tavax; A. f lavus with 
with bav i s t in ; A. n iger with bav i s t in , b ra s s i co l , captan 
and wettable sulphur; ^ , clavatus with bav i s t i n , v i tavax, 
b rass ico l , benlate and wettable sulphur and T. v i r idae with 
bavisxin, vi tavax, b rass ico l and wettable sulphure. All the 
remaining fungi exhioited reduction in f2:equency as compared 
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to control , A s imi la r trend was observed in the reduction 
in the frequency of pathogenic fungi . 
The two cu l t i va r s also exhibited d i f ferences in 
rhizoplajie. M. Alobosus. G. roseuin and A. humicola were 
i so la t ed from JG-74 while A. luchuens is . B. cinerea. 
4 . fusipora and P. oxysporum from JG-62. 
I t i s i n t e r e s t i n g to note tha t the frequency of sapro-
phyt ic fungi such as Asper^sfillus species was more in the 
rhiiioplane of JG—74 both in inoculated and uninoculated 
p l an t s as a r e s u l t of treatment with d i f f e ren t feorbil izers , 
o i l cakes and fungicides . On the o ther hand, the frequency 
of pathogenic fungi was more i n the rhi^oplane of JG-62 due 
i to various t rea tments . I t i s l i k e l y tha t higher frequency 
of saprophytic fungi in JG-74 i s a contr ibutory f ac to r 
towards l e s s development of d isease on JG-74. 
PIO. 5. Populaition of fungi in the non-rhizosphere, 
rhizosphere of uninodilated and inoculated 
p lan t s of chickpea c u l t i v a r JO-62(with Fusarium 
oxysponim f . s p . c ioe r i ) t r ea ted with d i f fe ren t 
s o i l £imendments. 
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PIG. 6. Population of fungi i n the non-rhizosphere, 
rhizosphere of uninoculated and inoculated 
p lan t s of chickpea c u l t i v a r JG-74 (with 
Fusarium oxyBPorum f . s p . c i c e r i ) t r ea t ed 
with d i f fe ren t s o i l amendments. 
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Chickpea (Clcer arietinum L.), an important crop of 
dryland farming is a good source of protein. Amongsii^y^ 
different diseases which damage the crop, vilt of chickpea 
caused by Pusarium oxysporum f.sp, ciceri is of (no-iessV^ 
importance. Being^S^soil borne, if influences the soil 
microflora and also is influenced by the soil microflora. 
Amongst the different soil mocroflora, some are advanta-
geous and others disadvantageous to the organims causing 
the disease. Those disadvantageous to causal organism 
help the plant to overcome the pathogenic effect and have 
been exploited for biological control of the disease,.The 
aim of the present studies has been to deteannine the soil 
mycoflora of chickpea infected with F. oxysporum f.sp. 
ciceri and to determine the changes in the soil mycoflora 
as a result of foliar sprays with growth regulators, ferti-
lizers and pesticides and soil amendment with oil cakes, 
fertilizers and fungicides so as to understand the dynamics 
of soil mycoflora. 
The population of fungi has been high in the rhizosphere 
of both inoculated and uninoculated plants as compared to 
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non-rhizosphere. This i s understandable as the rhlzosphere 
zone i s r i ch in amino ac ids , carbohydrades and growth promo-
t ing substances in the form of root exudation, which have 
already been reported t o have s t imulat ing effect on fungi . 
These f indings are thus in agreement with e a r l i a r s t ud i e s 
(Starkey, 1929, 1931 and 1958; Timonin, 1940a,b; Lochhead, 
1959; Maliszewska and Moreau, 1959; fieddy, 1959; Ivarson 
and Katznalson, I960; Rauatt and Katznelson, 1961; Sagal lo 
\7 and Bollen, 1962; Rangaswamy and Yasantharajan, 1962; 
Y; v^ovira, 1963; Singh, 1971; Hai and Upadhyay, 1980 and 
-J v ^ r > ' \ - t^ Tandon and Tiwari (1982). Moreover, the fungal population-^ 
; <•'• ^ pn.9.a been high in the rhlzosphere of p lants inoculated with 
• v^ ^V^ ^ ' , / ^ i l t causing organiam;.as~compared to ^ i n o c u l a t e d ones 
^ !^ / \ throughout the s t u d i e s . In the diseased p lan t s t he re has 
'J 
been greater metabolic activity leading to more root excretions. 
51 V\. which might be one of the reasons for more activity of fungi 
'^\'^^ (Agnihoth:rudu, 1957 and 1959; Timonin, 1966; Wood, 1967; 
' Mathur and Ghauhan, 1972; Babushkina ., 1973; Rai and Upadhyay, 
1980; Kumar and Balasubramanian, 1981; Satyaprasad, 1982; 
Wadhwani ,and Mehrotra, 1982; Vesely, 1985 and Suteri, 1986). 
^^  ' This is further supported by the fact that the concentrations 
X - •^•• 
.5, C "^  of total free amino acids, phenols, 0-dihydroxy phenols and 
r ** 
\sugars has been higher in the roots of inoculated thsm. to 
uninoculated plants. These compounds might have leached out 
in the soil thus providing more stimulation of fungi (Wood, 
1967; Mathur and Chauhan, 1972; Srivastava and Mishra, 1972; 
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Khan et gl. , , 1973f Babushkina, 1973; Rai and Upadhyay, 1980; 
Ashour e i j i l . , 1980; Wadhwani and Mehrotra, 1982; Kishan 
e t . g a . , 1982; Ansari and Prakash, 1985 and Su te r i , 1986). 
Satyaprasad and Rama Rao (1983) a lso concluded tha t amino 
acids and sugars i n the root exudates exert a marked i n f l u -
ence on germination of conidia and chlamydospore^of 
£• oxysporam f . s p . c i c e r i i n the root region leading to 
root i n fec t ion . 
The rhizosphere and rhizoplane mycoflora of d i f fe ren t 
cu l t i va r s of chickpea inoculated with F. oxysporum f . s p . 
c i ce r i exhib i t d i f fe rences both qua l i t a t i ve ly and quant i t a-
t i v e l y , Cul t ivar H-208 harboured h ighes t number of fungi 
in the rhizosphere while H-208 and JG-62^in the rh izoplane . 
The fungus populat ion has also been high in the c u l t i v a r 
H-208 and l e a s t i n JG-74 i n both inoculated and uninoculated 
p l a n t s . Amongst d i f f e ren t fungi i so la t ed the frequency of 
Aspergil lus n ige r has been high in the lii izosphere and 
rhizoplane of uninoculated plants of a l l the c u l t i v a r s while 
tha t of P. oxyspomm f . s p . c i ce r i in the rhizosphere and 
rhizoplane of those c u l t i v a r s which happen to be suscept ib le 
to the d i sease . However in BG-315, BG-212 and J(j-74, which 
^pthe^irwise'^less prone t o d i sease , Aspergil lus fumigatus and 
A* ^lavus dominated. In a l l the cu l t i va r s , the frequency 
of p a r a s i t i c forms has been high in those inoculated with 
F. oxysporum f . s p . c i c e r i and those of saprophytic fungi 
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i n uninocjulated p lan ts (Table - 4 , 5 ) . This difference in the 
fungeJ. f l o r a and population in the rhizosphere and rhizoplane 
of var ious crultivars could be due to v a r i a t i o n s in the root 
exudates. These r e s u l t s thus are i n conformity with those 
of Subbarao and Bailey (1961), Parkinson (1967), Gujrati 
(1969), J a l a l i and Suryanarayana (1972), Su l l i a (1973), 
Srivastave (1974), Eataj Guranowsky (1981) and Tandon and 
Tiwari (1982). The frequency of an t agon i s t i c fungi such as 
Trichoderma v i r idae and Aspergi l lus t e r r e u s has been high 
i n rhizosphere. of those cu l t ivara where the frequency of 
P. oxysporum f . s p . c i ce r i has been low and which are l e s s 
prone to d i sease . This possibly expla ins in par t the poor 
development of P. oxyspomim f . s p . c i c e r i i n such c u l t i v a r s . 
I t i s i n t e r e s t i ng t o note t h a t the c u l t i v a r s which 
harbour more fungi and have higher frequency of P. oxyspomm f . s p . 
c i c e r i both in the rhizosphere and rhizoplane /have/usually low 
concentrat ions of phenols.j >/0-dihydroxy phenols but higher concen-
t r a t i o n of sugars (Table - 2 ) . The reverse was t rue with 
cu l t i va r s which harbour lower number of fungi toge ther with 
lower frequency of P. oxysporum f . s p . c i c e r i . The ro le of 
phenols and 0-dihydroxy phenols in the r e s i s t ance of p lan t s 
against disease has already been emphasized (Sharma et, a l . , 
1982 and Mikzak et g l . , 1985a). Alanine, c^Aspartic acid, 
t^Gflutamic acid and i;i Sly cine have been detected in the root 
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e x t r a c t s of a l l the cu l t i va r s while Asparagine,Lysine and 
Hi s t i d ine in JG-62, H--208, JO-309 and B&-212; f e r i n e in 
H-208, BG-309, JG-313, B(J-212 and JG-74; I^ienylalanine in 
JG-62, H-208, BG-309» BG-212 and JG-74; /Tryptophane and 
y'aline in JO-62, H-208 and JG-309j .(Tyrosine in JG-315, B6-212, 
and JG-74; ^ s t e i n e in B&-212 and JG-74 and iTucine in JG-315. 
The niimber of amino acids however, va r i e s from 8-12 in d i f f e -
ren t c u l t i v a r s , the highest being with H-208 and BG-309 
followed by JG-62, JG-315, BG-212 and JG-74. There has been, 
however, no dif ference i n the mimber of amino acids in inocu-
l a t e d and luiinoculated p lan ts of d i f fe ren t c u l t i v a r s . The 
number of amino acids have been r e l a t i v e l y high i n the 
c u l t i v a r s suscep t ib le to wi l t causing organism i . e . JG-62, 
H-208 and BG-309 as compared t o B6-212 and JG-74 which are 
l e s s damaged. The amino acid and sugar composition of the 
root exudates i s l i k e l y t o affect the C/N r a t i o s , which in 
t u r n affect the growth of fungi in the root region ( Cook 
and Schroth, 1965). I t i s l i k e l y tha t more amino acids 
t oge the r with high concentration^^ of sugar might be favouring 
the growth of F. oxysporum f . s p . c i c e r i in the s o i l and 
ins ide the r o o t s . Subbarao and Bailey (1961) a lso reported 
that j^susceptible var ie ty of tomato to Vferticillium wil t 
contained more amino acids in the root exudates than the 
r e s i s t a n t v a r i e t y . Satyaprasad and Rama Rao (1983) also 
found more amino acids in the root exudates of suscep t ib le 
in comparison to r e s i s t a n t va r i e ty of chickpea. I t has been 
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suggested tha t higher number of amino acids possibly 
contr ibute more soluble nitrogenous mater ia l to the 
rooting medium and thus help the pathogen to e f f ec t ive ly 
colonize. In the present s tud ies cysteine has been detected 
in cv. BG-212 and JS-74 which are l e s s damaged by the wi l t 
causing organisms. This might be.^contribution towards the 
r e s i s t ance of p l a n t s against the d i sease . Similar cor re -
l a t i o n of res is tance^have been made in cotton to Xanthomonas 
campestris pv, malvacearum (Vohra and Chaad, 1971) and 
greengram to Xanthomonas campestris pv, phaseol i (Marimithu, 
1983). Ifysine, y a l i n ^ , Asparagine and^ i s t i d ine /wh ich were 
detected only i n the roots of the suscept ib le var ie ty , are 
already known fo r t h e i r s t imulatory effect on the growth 
^^  
of fungi (Leonian and L i l l y , 1940; L i l l y and B m e t t , 1951; 
• \ 
Cochrane, 1958 and Schroth and Snyder, 1961). 
The increase,concentration of amino acids in infected 
plants could in part be due to degradation of protein into 
amino acids due to production of toxins by the pathogen. 
fand/or activation of enzymes involved in the amino acid and 
amide synthesis(and/or inhibition of enzymes by the pathogen 
which are involved in the protein synthesis (Goodman et al.. 
. 1967; Tandon, 1970 and Jalali and Suryanarayana, 1972). 
/ y 
^s^^iZ In the studies dealing with the age of plants on 
r I rhizosphere and rhizoplane mycoflora. " The population of 
fungi increased with the increase in age of plant upto 
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I ^5 
75 days followed by d e c l i n e ' t h n s indica t ing highest 
rhizosphere effect during- flowering and f r u i t i n g stages 
(Table - 6 ) , During senescence, the rhizosphere effect 
however dec l ines . These f indings are in conformity with 
Starkey (1929), Krossilnikove ftt ai* (1956), Parkinson 
(1957), Timonin (1940), Agnihothrudu ( 1 9 5 7 D ) , Riviera (1959), 
Eouatt (1959), Katznelson (1961), Rao (1962), Parkinson et. § 1 . , 
(1963), Khasanova (1967), Sanga fiao (1971), Sudha Mall(1977), 
Kannaiyan and Prasad (1981), Behera and Patnaik (1982) and 
Gamel-Bl-Din et §J^, (1983). In the present s tud ies senen-
scence br ings about decl ine i n rhizosphere effect which i s 
a t variance with Rao (1962), Gujrat i (1969) and Khan and 
a. 
Prakash (1982) who reported an increased rh izospher .e f fec t 
j j '^ 0 
"TWAi— ^y~' 
during senesoence. During vegetab3be growth of plants, the -.y 
metabolic activity is high enough to release amino acids, v-iw, 
^>carbohydrates and growth promoting substances in hi^h_cpncen-
^°w^ itration which might probably result in more rhizosphere 
jj mycoflora. However, during senescence, the old tissues 
^Ajdecay when less nutrients might be readily available. By 
^•"^i^'Vo-^d large, the frequency of most of the parasitic forms 
'^ ^^ y^-"' /increase in the rhizosphere and rhizoplane of inoculated 
.-"^ ^ .§M plants with the increase in age of the plant. However, in 
" K ; uninoculated plants, the frequency of most of the saprophytic 
"*' forms increased. The frequency of parasitic forms was higher 
in the rhizosphere and rhizoplane of inoculated plants. On 
I,"' -
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the other hand, the frequency of saprophytic fun^i was 
higher in uninoculated plants. This indicates that in 
the rhizosphere of inoculated plants, parasitic fungi, 
partiuclarly F. oxysporum f.sp. ciceri dominate.'' "fieverse 
was, however, true with uninoculated plants. Similar 
results were obtained by Vesely (1985) with sugarbeet in 
relation to dampin-off fungus. 
0 /^  As a result of inoculation, differences have been 
-^  Vobseirved in the rhizosphere and rhizoplane mycoflora of 
/diseased and healthy plants at different stages of plant 
\^rowth; - Similar results were reported hy Parlik, 1950; 
Timonln, 1966; Hong, 1969; Rai and Upadhyay, 1980 and 
Vesely, 1985. It has been reported that root exudates in 
the form of amino acids and carbohydrates have a distinct 
selective action on the rhizosphere microorganisms resul-
ting in the stimulation of certain groups and suppression 
of the others (Lochhead, 1940; Sujrati, 1969 and Tandon and 
Tiwari, 1982). In the beginning, infection by the pathogen 
induces changes in chemical composition of the host which 
might be advantageous to some fungi and disadvantageous 
to others. Higher concentration; of amino acids, phenols, 
0-dihydroxy phenols and sugars have been found in the 
inoculated plant roots in comparison to uninoculated 
counterparts. These results are in conformity with those 
of Wood (1967), Jalali and Suryanarayana (1972), Singh 
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g^ fil. (1978) and Suteri (1986). Karimbaeva and Sizova 
(1977) reported a direct relationship of concentration of 
root exudates on growth of fungi. 
Certain forms of fungi are recorded throughout the 
growth period of plants;however, others are restricted to 
a particular sta^e of growth. By and large, Aspergillis s;*'' 
constitute dominant mycoflora throughout the growth period 
in uninoculated plants but in the inoculated plants, 
F. oxysporum f,sp. oioeri and other parasitic fungi consti-
tute the dominant mycoflora throughout the growth of plants. 
This is in confonnity with Mathur and Chauhan (1972) and 
Satyaprasad ajad Rama Rao (1983). The variation in the 
liiizosphere and rhizoplane mycoflora due to age of plant 
may probably be due to qualitative and quantitative changes 
in the root exudates at various growth stages as reported by 
Scroth and Hildbrend (1964), Katznelson (1965), Rovira (1965) 
and Vesely (1985). In the present studies there has been an 
increase in the concentration of total free amino acids, 
phenols, 0-dihydroxy phenols and sugars in the roots (of 
inoculated and uninoculated) with the increase in the age 
of plants upto 90 days followed by a decline. 
A slight decline in the population of fungi after 
fruiting stage may be attributed due to moisture stress as 
in this crop only one irre'gation is done during plant growth, 
or in part may be due to seasonal variation in temperature 
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and moisture, Gangawane and Deshpande (1977) also explained 
that qualitative amd quantitative differences in the fungal 
flora could be due to a response to seasonal variations. 
Gujrati (I968) showed that a change in the moisture content 
had a pronounced effect on the fungalyflora of chickpea and 
lentil. The activity of P. forthoceras) var. oiceri has been 
correlated with moisture content of soil (Ghauhan, 1963). 
Bissett and Parkinson (1979) also pointed out that temperature, 
moisture, available K, and soil pH are the most important 
abiotic variables influencing the distribution and composition 
of soil mycoflora. 
Sprays with growth promoting substances have been found 
5 S 
to increase the population^of fungi in the rhizosphere of 
both the cultivars JG-62 and JGr-74 except maleic hydrazide 
where there has been some reduction (Table - 10,11). Similar 
observations regarding changes in rhizosphere population- of 
fungi due to foliar sprays with growth promoting substances 
have been reported by Yrany et al, (1962), Ray and Dwivedi 
(1967), Sullia (1968), Misra and Gujrati (1969), Singh (1970), 
Gupta (1971), Dwivedi and Singh (1971) and Singh (1981). It 
appears that sprays with chemicals might influence the 
metabolic activity in plants (Singh and Murty, 1987) which 
in turn influence the root exudation. The root exudates 
influencai^ (bhe)'^iizosphere population has already been 
documented (Vrany et. al., 1962, Agnihotri, 1964 and Singh,1981) 
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0 ^ ^ ^ ^ « spray, of plants with indole acetic acid, indole 
Vbutyric acid, thio-indole butyric acid and gibberellic 
Y^er / aoid results in increase?in the frequency of fungi! however, 
;^''-^\ with maleic hydrazlde there has been a decrease of majority 
•0-V < ^f fuiifi (Tables - 12,14,16 and 18) . There has been more 
increase in the frequency of saprophytic fungi \ | i o ^ i n the 
rhizosphere of uninooula ted .p lan ts . With maleic hydrazide 
spray, the re has been some increase in the frequency of 
4» fumigatus in inoculated p l an t s , ^ . n ige r in uninoculated 
p l an t s of both vlfe« ou l t iva r s ; Trichoderma lignorum and 
Pusarium oxysporum in uninoculated p lan t s of JS-74 and 
JG-62 respec t ive ly . The differences could be due to changes 
i n the root exudates of the p l a n t s . I n p l a n t s sprayed with 
growth promoting substances, the growth promoters are absorbed 
by the leaves and undergo metabolic changes i n the t i s s u e 
leading to ac t iva t ion of various enzymes such as peroxidases 
e t c . (Sembdner e t , ^ . , 1980). The metabolic products are 
leached out of the roo t s . I t i s l i k e l y t h a t the metabolic 
products of maleic hydrazide leached out are t o x i c for most 
of the fungi in the riiizosphere (Dwivedi and Singh, 1971). 
The increase of ce r ta in asprophytic forms such as 4 . n iger . 
T. lignonim i n the rhizosphere of p l an t s t r e a t e d with maleic 
hydrazide i s of some importance which could be used for 
d isease management (Mathur and Chauhan, 1972; G-okulapalan 
and Nair, 1984; Venkatasubbaiah and Safeul la , 1984 and 
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Zozzerlni and Tosl, 1985). 
Results on the effect of foliar sprays with fertili-
zers indicate that, by and large, sprays with urea exhibit 
stimulatory effect on the rhizosphere population of fungi 
both in inoculated and uninocalated plants ^ile muriate 
of potash,^an inhibitory effect (Tables - 10,11), These 
results are in agreement with Agnihotri (1964)^ Eamachandra 
Reddy (1959 and 1968), Dwivedi and Singh (1971) and Rao and 
. Raja (1978) who reported an increase in rhizosphere popula-
tion of fungi with sprays of urea but are slightly in dis-
agreement with Vrany (1963 and 1972) and Annapuma and Rao 
(1983) who point out decrease in the nujuber of fungi as a 
result of spray, 
\^^ 
Signi f icant ef fec t of spray with u rea on frequency of 
rhizosphere fungi has been observed only after,-\2nd and 3rd 
sprays in both- the cu l t i va r s (Tables - 12,14,16 and 18) . The 
u rea when sprayed i s probably absorbed by the leaves and ia 
transformed (Throne, 1954 and Boynton, 1954) in to more amino 
acids such as glutamine, glutamic acid and a-aminobutyric 
acidywhich exude out from the roots (Agnihotr i , 1964 and 
Steward and Durzan, 1965). These might be providing stimu-
l a t o r y effect on fungi (Leonian and L i l l y , 1940, L i l l y and 
B a m e t t , 1951, Cochrane, 1958 and Schroth and Snyder, 1961). 
A' 
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•^i.'^ h With muriate of potash, although overa l l decrease has 
V [ been observed in mycoflora but while comparing the two groups 
of fungi i . e . , p a r a s i t i c and saprophytic, the saprophytic 
fungi ind ica te an increase ^ i l e t ha t of p a r a s i t i c fungi 
\ a decrease. High amount^ of potassium in s o i l -is bel ieved 
to reduce in fec t ion with several s o i l borne fungi (Lewis, 
1979 and Huber, 1979). The increase in potassium l e v e l s 
might increase the vigour of p lan ts thus r e s u l t i n g in root 
exudates unfavourable to p a r a s i t i c fungi of riiizosphere. 
I t i s i n t e r e s t i n g to note tha t i n the rhizosphere of inocu-
l a t ed p lan t s of J (T -74 , a cul t ivar/relat iv.elyi- lea«--susceptibl^j 
V to F. oxysporum f . s p . c i c e r i . the re has been a s ign i f i can t A 
' T. v i r idae ^with spray, of potash- /the A / increase in frequency x. i r i  it  s r , f t , /t  ^V 
fungus knwon fo r a n t i b i o s i ^ {GokulapaJan aQrd~Nair, 1984) 
might^in-partHje-responsiA>l4i>--^t>r--xedt«rtl'6^^ of 
p a r a s i t i c fgrnas InJihese-a^ysAJe^^/Thla ^sm^he exploi ted for 
dise^age control (Martinez Vicra and Garcia Gomez, 1984). 
"N 
V . j (f 
^' 
^ .<\ 
]^ I nh ib i t i on in the population of rhizosphere fungi has 
J^ a lso been observed with sprays of b a v i s t i n , v i tavax, b ra s s i co l , 
\^)<>lDenla.te, captan and wettable sulphur both in inoculated and 
uninoculated p lan t s in both the cu l t i va r s JG-62 and JG-74 
( T a b l e s r l O , l l ) . This kind of i n h i b i t i o n in the rhizosphere 
mycoflora with fungicidal sprays has also been observed by 
Helleck and Cochrane (1950), Su l l i a (1969), Sr ivastava and 
Mishra (1971), Ranga Rao et_ a l . (1972), Balasubramanian and 
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Rangaswami (1973), Wainwright and Sowden (1977), Srivastava 
and Dayal (1981), Gunaseka and Eao (1982) and Abdul Kader 
et, al. (1983). The frequency of majority of the parasitic 
fungi including P. oxyaporum f.sp. ciceri decrease due to 
foliar sprays with fungicides in the rhizosphere and 
rhizoplane while that of saprophytic fungi such as Asperff;illus 
clavatus and T.. viridae increase (Tables - 13,15,17 and 19). 
The mors increase in the frequency of A. clavatus and 
T.' viridaeiin the rhizosphere and rhizoplane of JG~7j1- (known 
for antibiosis (Wakssman, 1952 and Gukulapalam and Nair, 1984)1 
might be one of the reasoiVxfor poor infection in the cultivar 
JG-74. Diathan 2-78 (200 ppm) has been found to influence 
the exudation of amino acids from the roots of Sorghum vulgare 
^^^ C^otalaria .lancea 1., adversely resulting in the reduction 
in 2±.izosphere population (Balasubramanian and Hangaswami, 
1973). It is likely that.similar mechanism might be operating 
here also. ''isjAntibiotic streptomycin, on the other hand, has 
been found to stimulate the rhizosphere fungal flora in the 
present studies. These results are in agreement with those 
of Gupta (1974), Chandra et al. (1982) and Bagyaraj and 
Hangaswami (1982). It is likely that antibiotic sprays 
reduce the bacterial counts in the rhizosphereithus reducing 
the antibiosis or antagonistic effects on fungi which probably 
results in increase in soil rhizosphere fungi (Chandra et_ al., 
1982). The possibility of the changes in the physiology and 
root exudation of the plants favouring growth of fungi in the 
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rhizosphere however, cannot be ruled out (Gupta, 1974 and 
Chandra et. ai., 1982). 
/ Incorporation of different fertilizers in the form of 
rJ 
^i^\ urea, superphosphate, muriate of potash and oil cakes such 
^ 'j^ ' as castor cake, neem cake, mustaixi cake results in an increase 
J^ ,'i'Vr^  in the rhizosphere population of fungi in uninoculated plants 
^'S;^ I of both the cultivars JG-62 and JG-74 while in inoculated 
ones, there has been a decrease in the rhizosphere activity 
\ 
\ except with urea and superphosphate. However, incorporation 
of mahua cake and different fungicides brings about a 
decrease in rhizosphere population of fungi in uninoculated 
and inoculated plants, of both the cultivars (Table - 20). 
These results are in agreement with those of Mosolove et ^ , 
(1959), Mishra (1972), Jarden et gl. (1972), Jalaluddin(1975), 
Donech et §1. (1985) and Tostensson and Wessen (1984). It 
is interesting to note that in the rhizosphere and liiizoplane 
of cultivar JB-62.P. oxysporam f.sp. ciceri was not detected 
b avis tin;* while in s o i l amended with mahua cake, neem cake, 
i n JG-74l/With cas tor cake, mahua cake, neem cake, b a v i s t i n 
and ben la t e . The liiizosphere of inoculated p lan t s i s p r e -
dominated by paras i t i c /pa thogenic fungi (Table3-21,22,23 and 
24) which are adversely affected with muriate of potash, 
o i l cakes and fungicides in the rhizosphere mycoflora 
(Jarden et a l . , 1972; Sinha, 1975; Haider et. a l . , 1978; ' 
Singh et ^ . , 1980; Upadhyay and Hai, 1981; Huang and Sun, 
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1982; Suloehna et. g l . , 1983; Singh et a l . , 1985 and Sinha 
and Prasad, 1986). 
I t i s l i k e l y tha t s o i l treatment with inorganic f e r t i -
l i z e r s may induce fresh root formation r e su l t i ng in increase 
root exudation i n the p lan t s ^ i c h provide more subs t r a t e 
fo r rhizosphere and rhizoplane microorganisms. This might 
he one of the reasons fo r higher population,, and frequency 
of fungi . In inoculated p lan t s ,u rea and superphosphate 
favour the a c t i v i t y of F, oxysporim f . s p . c i c e r i and other 
pathogenic forms (Tahles-21,22,23 and 24). Similar r e s u l t s 
were obtained by Papendick and Ctook (1974), Gamel-El-Din 
et sX, (1983) and Hai and Upadhyay (1983). 
Oi l cakes, the product l e f t a f t e r ex t r ac t i on of o i l s i 
contain/aufflijlentl^high%^'amount^, of l i g i n i n , ce l lu lose 
and o the r carbohydrates, certsdn nitrogenous ma te r i a l s e t c . 
which are s u i t a b l e f o r a l l types of co lon ize r s , t h u s - r e s u l -
^ i n ^ in i th i r lncrease of fungal populatioil| p a r t i c u l a r l y 
saprobes. Soi l amendment with d i f fe ren t o i l cakes probably 
ac t s on pathogenic forms in many ways. I t s decomposition 
products may be de le te r ious to the pathogenic forms, or i t 
improves s o i l s t ruc tu re r e su l t i ng in b e t t e r growth of p lan ts 
with modified root exudation unfavourable f o r pathogenic 
formstor the degradation products which when exuded out 
o^ reduce the a c t i v i t y of p a r a s i t i c forms (Huber and Walson, 
1970; Kirmani, 1977; Upadhyay and Rai, 1981; Son e t a l . ,1985 
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Uishat Khalis and Manoharachary, 1985 and Sinha and Prasad 
(A 
1986, Las t ly there may be^phenomenal increase in antago-
n i s t i c forms of fungi sucdi as T. v l r idae (Evans, 1955; and 
Saksena, I960) . In the present s tud ies also there has been 
£01 increase in the frequency of !« v l r idae in o i l cake 
amended s o i l which might also be contr ibut ing towards poor 
development of w i l t . Iher.e has also been an increase in 
the frequency of AspergilllTand P e n i c i l l i ^ i n the rhizosphere-S 
A/ "xy — — — — 
of oil cake amended soil. Mlnhibitoiy effect of culture 
filtrate of 4. niger is already known against P. oxysporum 
f.sp. ciceri (Mathur and Ghaiihan, 1972), Sinha and Prasad 
(1986) reported that castor cake and soybean leaves were 
more effective in reducing chickpea wilt disease. Similar 
results on the reduction of parasitic forms due to soil 
amendment with Azadiract^ indic^ have been reported by 
Singh et al. (1980). 
^ "1 Inhibitory effect on soil microorganisms as a result 
of soil treatment with pesticides hare been reported by 
Bollen et gj.. (1954), Bollen (1961), Lebed (I964), Tu (1972 
and 1973), Singh and Prasad (1975), Midhu and Nandwana (1974), 
Bertoldi et al. (1977 and 1978), Jain and Sehgal (1980), 
Sinha et, al. (1980) and Bollen ^ aL. (1983). The decrease 
in the activity of parasitic fungi with the amendment of 
fungicides might be due to decrease in competitive sapro-
5 
phytic colonization of parasitic forms or increase.^in 
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saprophytic forms (Vaartaja and Agnihotri, 1970 and Rai 
and Upadhyay, 1983). Moreover, changes in soil microbigil 
enzyme activity cannot be ruled out (Munchi et_ al., 1988). 
It, therefore, appears that the rhizosphere and rhizo-
plane mycoflora of chickpea is influenced by several factors. 
The rhizosphere and rhizoplane mycoflora of chickpea plants 
inoculated with gusarium oxysporam f.sp. ciceri i6 different 
from thoseruninoculated ones^ ^ iexe«% Tn the former, the 
pathogenic forms predominate while in the later saprophytic 
forms; Highest activity of rhizosphere/rhizoplane mycoflora 
is observed at flowering and fruiting stagehand not at 
senescence. Different cultivars differ in the rhizosphere 
and rhizoplane mycoflora both qualitatively and quantita-
tively. Sprays with various fertilizers, growth promoting 
substances, pesticides and soil treatment with different 
fertilizers, oil cakes, ^ fungicides influenced the rhizosphere 
and rhizoplane mycoflora in many ways. The frequency of 
Trichoderma viridae has been considerably increased due to 
application of oil cakes while parasitic forms such as 
Pusarium oxysporum f.sp. ciceri is decreased, These .changes 
in the mycoflora appeaW to be influenced by the root exudates 
which are affected by various treatments. The present studies 
(go a long way in exploring and envisaging different possi-
"bilities where the rhizosphere mycoflora could be modified 
by foliar applications and soil amendment for control of 
- 118 -
root diseases. Brian (1957) also mentioned that succesful 
control of root diseases probably lies in the development 
of satisfactory methods for influencing the rhizosphere 
microflora. 
SUMMARY 
Rhizosphere^ of uninoculated cshickpea p lan t s and those 
inoculated with Fusarium oxysporum f . s p . c ioe r i harboured 
more fungal population than non-rnizospherei Higher fungal 
popula t ion was encountered in the rhizosphere, of inoculated 
p l an t s than in uninoculated ones. The concentrat ion of 
t o t a l free amino ac ids , phenols, 0-dihydroxy phenols and 
sugars was also high in the root ex t rac t of inoculated 
chickpea p l a n t s . By and l a r g e , the number of fungi was 
more in inoculated p lan t s than in uninoculated ones . In 
the rhizosphere and rhizoplane of inoculated p lan t s p a r a s i t i c 
f u n g i . p a r t i c u l a r l y F. oxysporum f . s p . c i c e r i dominated while 
saprophyt ic forms^in uninoculated p l a n t s . 
2. There has been both q u a l i t a t i v e and quan t i t a t i ve 
d i f ferences in the rhizosphere and rhizoplane mycoflora 
of d i f fe ren t cu l t i va r s i r r e s p e c t i v e of the fact of t h e i r being 
inoculated with F_. oxysporum f . s p . c i c e r i . Gultivar H-208 
harboured highest number of fungi in the rhizosphere while 
H-208 and JG—62,in the rhizoplane. The fungus population 
was also high in the cu l t iva r H-208 and l e a s t in JG-74 in 
both inoculated jmd uninoculated p l a n t s . There has been 
di f ferences with regard to concentration of t o t a l free amino 
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acids , phenols, 0-dihydroxy phenols and sugars in the roots 
of d i f ferent cu l t i va r s with higher concentratior^ in inocu-
la ted plaints than in uninociilated ones. The frequency of 
P. oxysporum f . a p . c i c e r i was also high in the rhizosphere 
and rhizoplane of cu l t i va r JG-62 ,whic5h supported -Buxre*^ "^'-^ ^^ '^'"' 
rhizosphere and rhizoplane mycoflora and l e a s t in JG-74, 
being l e s s supportive t o the rhozosphere and rhizoplane 
mycoflora. 
3 . The populat ion of fungi in the rhizosphere increased 
with increase i n age of plant, upto flowering and f r u i t i n g 
s tage followed by dec l i ne . The frequency of F. oxysporom 
f . s p . c i c e r i a lso increased with increase in age of the 
p l an t s and attained/^highest value when p lan ts were 75 days 
old. The concentrat ion of t o t a l free amino ac ids , phenols, 
0-dihydroxy phenols and sugars was highest at the age of 
75 to 90 days old p l a n t s . By and l a rge , ^s^erg i l l l^ycons t i -
tu ted the dominant mycoflora throughout the growth period 
in uninoculated p l a n t s . On the other hand P. oxysporum f . s p . 
c i ce r i and other p a r a s i t i c fungi dominated in inoculated 
p l a n t s . 
4. Indole a c e t i c acid, indole bu tyr ic acid, t h io - indo le 
bu tyr ic acid, g i b b e r e l l i c acid, urea and streptomycin when 
applied as f o l i a r sprays, showed inh ib i to ry effect on the 
rhozosphere and rhizoplane mycoflora of inoculated and 
uninoculgited p lan t s of both the cu l t iva r s JG-62 and JG-74; 
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however, sprays with maleic hydrazide, muriate of potash, 
bav i s t in , vi tavax, b r a s s i co l , ben la te , captsui and wettable 
sulphur exhibited inh ib i to ry e f f ec t . The frequency of 
P. oxysporum f . s p . c i ce r i increased in the rhozosphere and 
rhizoplane when sprayed with indole a c e t i c acid, indole 
bu ty r i c acid, th io- indole b u t y r i c acid, g i b b e r e l l i c acid, 
urea and streptomycin and decreased with maleic hydrazide, 
muriate of potash and d i f fe ren t fungic ides . P. oxysporum 
f . s p . c i c e r i was not i so la ted from rhizosphere, and r h i z o -
plane;, of both the cu l t i va r s when p lan t s were sprayed with 
bav i s t i n in the rhizosphere and rhizoplane of JG-74 and 
rhizosphere of JG-62 when p lan t s when sprayed with ben la te . 
5. Soil amendment with d i f fe ren t f e r t i l i z e r s in the form 
of urea, superphosphate, muriate of potash and o i l cakes 
such as castor cake, neem cake, mustard cake resu l ted in an 
increase in the rhizosphere population of fungi in uninocu-
l a t ed plants of both JG-62 and JG-74,but i n inoculated onesj^ 
the re was a decrease in the riiizosphere population in a l l °{ 
the treatmentsexcept with urea and superphosphate. The s o i l 
amendment with mahua cake and with d i f fe ren t fungicides 
brought about a decrease in rhizosphere population^of fungi 
both in inoculated and uninoculated p lants of the two 
c u l t i v a r s . There was an increase in the frequency of 
P. oxysporum f . s p . c i c e r i in s o i l amendments with urea and 
superphosphate but decrease in the remaining. F. oxysporum 
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f . s p . c i c e r l was e i t h e r not detected or i t s frequency was 
low in the rhi25osphere and rhizoplane of the p l a n t s . 
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